; e3eA|l >TH6( T| 3RMb6909 Le A 35 416-US NP/ ngb/ NT *159159* DOUBLE METAL
CYANI DE CATALYSTS 5 FOR PREPARI NG POLYETHER POLYOLS | TECHNI CAL FIELD OF
THE | NVENTI ON ~ *cooooa* The invention is directed to novel double netal
cyanide ("DMC') catalysts, to a process for the preparation of these novel
PMC catal ysts and 10 to a process for preparing a polyether polyol by the
polyaddltloMoﬁDOQn al kyl ene oxide to a starter conpound cont

hydrogen at pawA 36d 6LOSt NE/ipglh/Et her pol yol s produced by the Eﬂ%ﬂ !ﬂmﬂullw
BACKGROUND OF THE | NVENTI ON DMC catal ysts for the pol yadditi

oxi des to starter 15 conpounds contalnlgggactlve %drogen at ons é??”knomn
See, for exanple, UnitedSURLESMEFIANCYROUDELADALYSFS 3, 829, 505, 3, 941, 849

and 5, 158, 922. The use @Eﬁw&ﬁ@reparmm THUAEINIGL Hm

pol yet her pol yols reduces the content of nono-functional pol

term nal doubl e bonds, tTECHMNCALIRELDORGFHE $SNVENTIOMNPAr i'son t @odobre
preparation of 20 polyether polyols wth alkali catalysts, such as al kali

netal hydroxi des.T pdnwltwerlsswegt@fiéopp&@lmleometal/eyewﬂm('imw "tan be used

coat i nge) . DRV 3pebsedtsh MEBRPALErbr PRI DMC LOBfualty
sol uti om0 of t@arp?beésssfar prepahhg:arpc&yatbeupoly@lbyttherpob,taddltlnsatcﬁlancyanl de salt
an 25 organi ¢ conpl exing an ether. In a

in the presenc
typi cal 3@@?%%%'%FféﬁéFaJ%qr&ﬁm%'GQc?Qﬁt%@PQ%PBY%hYﬁVgQP'ﬂ@tQ!W @dde (in

excess) andy, xed to forma dispersion.

D met hoxyet hdgﬁ{@}?a}/%@[@yﬁen agg b&%@p?(?}d’e g] I spersion. After filtering
and washi ng the di spersi oBAﬂK(ERGlﬂ\IB(IDlEdME INVENTSONuUt i on, an active

gl yme s ot ai med MEUEANSH 18R AEORSS Aisne ofessotated. s - 2 The
foll ow pg r%ﬁﬁﬁ?ﬁﬁﬁ% c@hﬁéiﬂnﬁ%%cl tsef@rbééb{ %Eo?né!"ﬁtéﬂ?hd#ﬁ? B@étf@k‘bﬁé}ﬁfﬂe&s the

organi ¢ conplexing Ii or in conbination with a polyéther) in
t he prepar atUmtedothalml Ee@thomﬁ $04 40903 8991505r 3,944,849 artk cont ent of

50670, 15:  ehioi2e)ShoTs Aiee ST Sk S8g: hetBhgsagon sipdheier | >
Addi tional | >po|ydp@re4ﬁﬁ;e§fthé BesenDEneAs-ANEtbRaK Rérstvith feRdiell i on time in

the pol yadditi'on reaction of alkylene oxides with corresponding starter
conpounds. Cudle/ends; the se-galed tnone-plsagasonparisen ta the prgparatioryf at i on

of f oot i 00 ?&Eﬁ‘?ﬁ%&&'@“@@él@' RS o P dRe et P it al vt s can
D7 00855 OF 1 onovi ne. ot ol yers T rom porvetner bl yole ho T ahaer necessary.

SUMVARY OF Tighd fgtbgm%(%sj %eﬁom’erﬁ Hegraﬁ&@rﬁoatin%h MFis to

rovi de inpr he
Dol yaddi t1 ore st oy FShahyStiain gl oy raHliid & BoRR0uesciior o et ek
catal yst of mtfeapraquemus sduﬁm oba nhetsl ¢yaoidessattdn tfee ptesehcacf ani ty conpar ed
to kno DMC cat al ystsg. .DETAI LED DESCRI PTI TH ENTI 20 The obj ect
of t hem%pes&fgapﬁ\féW‘ﬁ@ﬂng (?n%l' pe ﬁh?frb%\lﬁﬁﬁv?%%m t al yst J
conpri sing: @bp aﬁatlbﬁaéé]uélﬂ% %&@WQH&%hI&?dea(ﬁn é)&%%ts ané g@f Siihe

conpl exi ng Ilgand which is not a polyether, a po yester ol ycarbonate, a
pol yal kyl enehepagyanocahalibteaarednixed to forpoa Q&pagﬂl@heDgh%okyqjhm dyl ether, a

ol yacryl am e co-acryl id a 25 acrylic aC|d
B ol y( acr vi ) BTt Alded R SGh. e Bkt ar FRemRatBE Vi iy
acrylate, a dl@bé’r%ldﬁY\MtWdeWedu%thmésBmltMNIéWéctIVétdwéw@tthQﬁe généal yvi nyl
ethyl ether, a polyvinyl acetate, a polyvinyl alcohol

pol y- Nvid®y| pfribla done, a pol y(N-vi nyl pyrrol i done- co- acryllc acid), a

pol yvi nyl et hyl t 0 vi nyl phenol ) ly(acrylic

aci d-co-styrene), §[§§33§§;£|#ﬁéﬂgg|yn&“4?g po?ﬁgwﬁglenelnlne a malefic
aci d copol ynisrobtainesl SeecfonelRgaiple] ERDPOBYGEr, a hydroxyet hyl cel | ul ose, a
pol yacetal, a glycidyl ether, a glycoside, a carboxylic acid ester of

pol yhydric al cohol, a bile acid Le A 35 180-US - 3 or bile acid salt, a
bile acid ester, a bile acid am de, a cyclodextrin, a phosphorus conpound,
an a, ~i -unsaturated carboxylic acid ester, or an ionic surface- or

i nterface-active conpound; and c) two different conpl exi ng conponents, each
conpl exi ng conponent independently 5 conprising a polyether, a polyester, a
pol ycar bonate, a pol yal kyl ene glycol sorbitan ester, a polyal kyl ene gl ycol
gl ycidyl ether, a polyacrylam de, a poly(acrylam de-co-acrylic acid), a

pol yacrylic acid, a poly(acrylic acid-conaleic acid), a polyacrylonitrile)
a polyal kyl acrylate, a polyal kyl nethacrylate, a polyvinyl nethyl ether, a
pol yvi nyl ethyl ether, a polyvinyl




10 acetate, a polyvinyl alcohol, a poly-Nvinylpyrrolidone, a poly(N

vinyl pyrrol i donascesmogylic acid), a polyvinyl methyl ketone, a

pol y(4vi nyl phenol’), a poly(acrylic acid-co-styrene), a oxazoline polyner, a
pol yal kyl enei m ne, a malefic acid copolyner, a mal efic anhydri de copol yner,
A2 hydroxyethyl cel | ul ose, a polyacetal, a glycidyl ether, a 15 glycoside, a

carboxylic acid edtesfollovingaefergucescdiatiosd DMC aatalysts whiath use tertt e aci d sal t,

bi | d t bi | id | de, . | qdext
compound, - abueTd a5 s PR RO IE icRp by 35S b togbiBARDATE By £ aceor
interface- a?odn%é;i "H’Mepéﬁ%%pé@bﬂf{éf%ﬁloﬁ totfnﬂh@rrl@ﬂﬁaé thgivention can

optionally 20 water, preferably in‘an anount from1l to 10 wt. %
related to tdm@temmmm @nctmmpnbfeﬂwewmerrmnal deube bends:AJBo, the DMVC

at or  sobubi4f i BEE B ATOHT 3 20D Ach BE PREOSY 57 PRI, 7ER; 8R6uR, 5, ©
related to tém@c%@l AYGitioRallyOthe s diﬁﬁééé ch@bﬁhfsﬁ Fad(Rks te The DMVC

conmpound a) t he reaction product of a water-so le metal salt and a
wat er - sol ublladln@mtmqahtmwaddltm rraction ebalkyeae pxides Wit t suitable for

M qcifePoatiff e RS lcA y PERIERE AR RS T ) Fo(1])

Nl (| 1), Mh(ldhort élkt)xﬁét(dri t)me?tthé |p}ocel§e(df bkécf) (ﬁo‘%ethéﬁ)&d&dls A(ITT)

V V(I S Vi f bl
zm 1), ( ﬁ;/% | tpe)cro(n@ﬁ( nnpye a@%t qfﬁeetlvg Ad@aen(malbx fdde t@mr la@neaéég rafe:m\ﬁi&?e n%/

preferably i 0, des
sul f at es, calggmn %tgsys t%c@%h'g es, ﬁ@&?‘éhﬁ%@ﬁ% &SQ%J rh gﬁgﬁssg*ﬁ]&&ﬁ

i sot hi ocyanaﬂhempeas:bewd)@éssa)f rma#mgmtayds ifrioh p:blyemeapdlyolssib 2or3. 15
Exanpl es of sw tabl e water-soluble netal salts useful in the present

i nvention arleNgeMRECEsSaBM: de, zi nc bronide, zinc acetate, zinc

acetyl acetonate, zinc benzo e RIVENPN! ) sul fate, iron(ll)
bronmide, iron(ll) chloride, lt(l1) thiocyanate,
ni ckel (115 chl ori Tike objeckef thelpreseritiratentiands to providesmphareeddMQ0 A

| ubl e d | f he DMC
conpound a) Falabepios Bllisine,3 PolvetiesapicLby fe besBFETRf o Alvre) ) “wher ei n
25 M 15, el 6B et rERG] dmpati,Tle DR Lbiayefet bl dros (il (111,

Co(ll1), Fe(has mcreqsedlgatalwt(aqtlv)y ccpmpaneld)todmdvmleQcaialysqsr eferr ed) and
the val er- sol ubl e et abhe i ds,sabk AL THEENRRENHORP © O these

met al s; Le A35 1
20 The object of the present invention is accomplished by providing a

DMC catalyst comprising: a) at least one DMC compound; b) at least one
organic complexing ligand which is not a polyether, a polyester, a
polycarbonate, a polyalkylene glycol sorbitan ester, a polyalkylene glycol
glycidyl ether, a polyacrylamide, a poly(acrylamide-co-acrylic acid), a

25 polyacrylic acid, a poly(acrylic acid-co-maleic acid), a polyacrylonitrile, a
polyalkyl acrylate, a polyalkyl methacrylate, a polyvinyl methyl ether, a
polyvinyl ethyl ether, a polyvinyl acetate, a polyvinyl alcohol, a poly-N-
vinylpyrrolidone, a poly(N-vinylpyrrolidone-co-acrylic acid), a polyvinyl
methyl ketone, a poly(4-vinylphenol), a poly(acrylic acid-co-styrene), a

30 oxazoline polymer, a polyalkyleneimine, a maleic acid copolymer, a maleic
anhydride copolymer, a hydroxyethylcellulose, a polyacetal, a glycidyl
ether, a glycoside, a carboxylic acid ester of polyhydric alcohol, a bile acid



each Y is identical or different) preferably identical, and is chosen from
the group cgnsAin Bg @£= al kali netal ions and al kaline earth netal ions; 5
Ais identi ent, preferably Ydentical, and is chosen from

hal i des, hydroxi des, sulfates, carbonates, cyanates, thiocyanates,
Jsocyanat es) isothiocyanates, carboxylates, oxalates and nitrates; and 10

a, and b androbilaraeid salgebite avidtdsteha hilkel acd alnide aa cycladektinbai ng chosen so

t hat el ect roneutF‘aI [ tél of thcg netal c aniaie salt is ac,ai eved (a is

pref er abl y Phospharus,campeund ghy e fayngatyrated sahoxylic acid &stef 8f 8nabl y has
t he val ue 0)..: 2 S derie ki |ts useful in
t he present k?rHégHﬁég%pgf@tﬁatd%?&r% ﬁieﬁgé@adocob@ﬁ@méﬁﬁ I i‘, pot assi um
hexacyanof ercoat@éxihy copmionesits) redvh aonypleringreompgridnt indepeEndientty

DV compBun ORISR NGNS Pl Sh H BV DANalS. Smtalkiiorg SRLnt od by
the f I i o ' ' ined i
Formia (1) an Sk Tpohahche dlycd o Rifers 8 iVeerRige, A0 o

i ntegers anmcﬂy(ecoﬁlwnkie-m:eblryﬂibacicﬁl amqueyl'lcrazdid,tq poly(adrdicoaideorpound
cxi st 30 et ShhY o Ko R a5 RS G &1 3o
Lr(rre). methacrylate, a polyvinyl methyl ether, a polyvinyl ethyl ether, a polyvinyl

10  acetate, a polyvinyl alcohol, a poly-N-vinylpyrrolidone, a poly(N-
vinylpyrrolidone-co-acrylic acid), a polyvinyl methyl ketone, a poly(4-
vinylphenol), a poly(acrylic acid-co-styrene), a oxazoline polymer, a
polyalkyleneimine, a maleic acid copolymer, a maleic anhydride
copolymer, a hydroxyethylcellulose, a polyacetal, a glycidyl ether, a

15  glycoside, a carboxylic acid ester of polyhydric alcohol, a bile acid or bile
acid salt, a bile acid ester, a bile acid amide, a cyclodextrin, a phosphorus
compound, an a,B-unsaturated carboxylic acid ester, or an ionic surface-
or interface-active compound.

The DMC catalysts of the present invention can optionally comprise

20  water, preferably in an amount from 1 to 10 wt.%, related to the total weight
of the resultant DMC catalyst. Also, the DMC catalysts of the present
invention can optionally comprise one or more water-soluble metal salts,
preferably in an amount from 5 to 25 wt.%, related to the total weight of the
resultant DMC catalyst.

25 The DMC compound a) is the reaction product of a water-soluble
metal salt and a water-soluble metal cyanide salt. A water-soluble metal
salt suitable for the preparation of the DMC compound a) is represented by
the formula (1)

30 M(X)n (1



Exanpl es of suitable DMC conpounds a) useful in the present 5 invention are
.Zi nc hexacyanocobaltate(l11), zinc hexacyanoiridate(lll), zinc

hexacyanof e 180-USnd cobal t(r1) hex%cyanocobal tate(ll1). Further

exanpl es of suitable DMC conpounds a) are found in United States Patent No.
5,158, 922. Zinc hexacyanocobaltate(lll) is the preferred DMC conpound
useful in thkéhagreiasent invention. 10 Organic conpl exing ligands b) useful in
the present invention are known and described in the foll ow ng references:
U S. 5,158,922, U S. 3,404,109, U S. 3,829,505, U S. 3,941, 849, EP 700 949,
EP 761 708, JP 4145122\#&%(;,%@(147&“&%@”{ Eigglx,“ﬁi(l@)?ﬁ/lrﬂﬂﬂ G EntiPP86. Organic

conpl exi ng |igands us I'n the pres venti'on aré water-sol ubl e
organ:;: 15 \(lz\ﬁ_npﬁunds }/EPb(H),rFa(kbh),oﬂod\ﬁ;_,Me(N:t}aNa(ﬂl)oVQ@eN(IVﬂj $lr(|rb)g¥\g(,l\_/}[;hglsphorus
or sul fug, ich can r\m c ex e C u ui,t abl e

or gani ¢ rt::‘orrpl exing |i 3&&\%' ﬁg@b aﬂgﬁ?{mmpr&?%rég&czr‘ﬁﬁg'ﬁ?‘{“gn@%?"% e not
limted to, are al cohqygy))al dehydes, ketones, ethers, esters, am des,

ureas, nitrites, sulfides and m xtures thereof. Preferred organic 20
conpl exing ligands are water-soluble aliphatic alcohols, such as ethanol,

i sopropanol, n-butanol ,_is@: ] - byt . - X
Tert-butanol is parti Cﬁc&ﬁ?ﬁfé&@ﬁ% Pégﬁ%f%ﬂ @%gé[ﬁﬁ@ '@%%qag%tn%bcﬂ igand b) is
added either during thanioncetedtéd rondhalides, diogides) suifatey, cdibonatdsy af t er
the precipitation of the DMC 25 conpound a). The organic conpl exing |igand
b) is udQally used i n ®aPates, tm@/amtes@mamte&)lswglwaa@wﬁ, in amount from
about 20 to about 90 e t ) Y9 based on the total

wei ght of the DMC cat \é#%,rg%xﬁ%l%é, %&g@%ﬁ%ﬁgo@ﬁ g?(';%nrbd)l igand b) is present in
an amount from about 0.5 to about 30 wt.% preferably 1 to 25 w.% based
on the total 30 weight of the DMC catal yst. The DMC catal yst according to
the invention preferabN{s tchBFdses fromabout 1 to about 80 wt.%
preferably 1 to 40 w. % Le A 35 180-US -7 based on the total weight of
the DMC catal yst, of a m xture of the conpl exing conmponents c). Conpl exing
conponertss c¢) sui Esdrhplesaf sulieblpivegier-soluble métat saitsodedblyis the presentdi ng t o

th t ti i.ncl ud | yci dyl .eth 5 gl id i
aci d eat or s BRORBIARATECHPEURGTA: Dlymige denacdatl SFeacaBlaeiEnas. am des
thereof, cycliRdeshséats, ziH?ﬂﬁfé?@,ﬁ#b?\éﬁ%ﬂ?@%ﬁ!%ngw)’b?bmiﬂb?%Hgg%ﬁﬂ)rﬁér boxylic

acid esters and ionic surface or 1nterface-acti've conpoun Functi onal i zed
pol yrer s sui ¢atialtgl echleridepcotaii( I )dhiocyganataenickelil) eploride; nickel{|!)trilgateat al yst s
according to_t e.)aressf;@t i nvention are known in and described in EP 700
949, WO 97/ 4BUBEMSSBF 210 and in German Patent Applications Nos. 197 45
120, 9. 1Y 57 574A%atéRBoll8IaRSidh cydiGe B4t St fiind Preritaliivofings vel | as
in United States Patent No. 6,291, 388. Suitable functionalized polyners

i ncl ude pol yBM{eeempognd &) jserepeesentesbby tha fesmtladd) pol yal kyl ene gl ycol
sorbitan esters, polyal kyl ene glycol glycidyl ethers, polyacrylam des,

pol y(acryl am de-coacrylic acids), polyacrylic acids, poly(acrylic
acid-co-nmal efic acids), pol pagM(ON)(A)d | es, pol yifll kyl acryl ates, polyal kyl
nmet hacryl at es qQl yvinyl methyl ethers, polyvinyl ethyl ethers, polyvinyl
acet at es, poW@ @1 al cohol's, 20 pol y-N-vinyl pyrrolidones,

pol y( N- vyl pyrr ol i dongmos i LaB) | W Kk es,

pol y( 4- V?Qnyl phenol s), g%ﬁé;?ﬂgété if@”gglbgﬂb%e@pypépg}s/)b,ong&g If)l' %:ram ol ynmers,
pol yal kyl enei mi nes, maMri(lly; MadlhsIrdi)) Nigil),cRh@DaRo(br VAY) aogdM(Vier s,

hydroxyethyl cel | ul oses andyPLYRACELH)SFeqn), criin, irgity and Nigily are
preferred) and the water-soluble metal cyanide salt can
comprise one or more of these metals;
30



Functional i zed polynmers preferably used are polyethers, polyesters, 25

.pol ycar bonat es %o a | ene gl ycol sorbitan esters and pol yal kyl ene gl ycol
gl yci dyl et M—M? /&ners which are used in conmponent c) are pol yether
polyols with hydroxy functionalities of 1 to 8, preferably, 1 to 3, and

.nunber average nol ecul ar wei ghts between 150 and 10', preferably, between
200 30 and 5 104) Pol yescheY is idewmtital or differgmtgweferablyderiticah aadds t ypi cal | y

obt ai ned by ring-openin ol.ynmeri zati on of., epoxi des.in, the presence of Le
A 35 180-US -8 corresﬁ\%&gﬂ oR Q;PUEGHB%@%O#C%E‘?I&F}%Q{&)%{?? e hydrogen
atons under basic, acigkfinetur®f Mbtiidnge catalysis (for exanple, DMC

catal ysis). Suitable polyether polyols used in the present invention
i ncl ude pol y(oxypropyl ene) pol yol s, pol y(oxyet hyl ene)polyols, EOGprinmed 5

ol y(oxypr opyl ene) pol ypl s. ], X P I . I i olyners,
Eutzl(enggox%e CO|)ogI y)rléll%'dﬁpn{'???gf ﬁ@@éﬁ?&%@%@g%{%%ag:}g‘gﬁg8ﬁ§s%1<i )ée and
pol y(oxyt et r amet hyl eneforllnafi@és -hydrixidss, eufateb) ctberisted Gfapardy,y used in
conponent c¢) include |inear and partly branched pol yesters which have

hydroxyl end groups aribiopyanatesdgecyamates ispthioeyagnates, sarkamylete®00. These
pol yesters are describ | . il.4n German Patent Application No.
197 45 120.9. Pol yeste@galéa%%ﬂé\?‘ét@ég% ecul ar weights of 400 to 6,000 and
OH nunbers of 28 to 300 ng KOH g, which are suitable for the preparation of

pol yur et hanes, are preferably used in the present invention. Exanples of
sui t abl 015 pol yest er s2,iand kiaed sAare datagersnwith the yalugs for-, £sand c being

pol y(di et hyl ene gl ycol Clg%egﬁog@%t %lgefrgﬁé{g%ﬁiwfltﬁé?nn%%%%hfd%démges) ,

poi y(di et hyl ene gl ycol ranched w pr opane,

pol y(tetramet hyl ene gl achiéverti{giaipesferabiyl1pd| 3624 teishrefetalily g, Soriéene

gl utarates). Pol ycarbonates ich are preferably used in conponent c)

i ncl ude 20 aliphatic p%‘i“iﬁﬂgél’?i)%ga%\ﬂr%\f?"l’\% hydr oxyl end groups and
aver age nol ecul ar wei ghts bel ow 12, 000. These pol ycarbontes are descri bed
in nore detail in German Patent Application No. 197 57 574.9. Aliphatic
pol ycar Hdnat e- di oExamplds af watemsoluleevethbeyanideysalts udefd00 theop@seod ar e

f bl sed in th t i tion. | f itable 25
bol yoar bonat BRI RAt e PP RBUATE D PPaMBBnat cs.

pol y(di et hyl gayeacghm6Rirats( ), pRfiskim hBRho(dhors AR (IR algluns 0! ) - car bonat es,
poly(triethylene glycol)-carbonates,

pol y( 1, 4- i shiexasyanecohaltale(lldmeddithiymdraxeayanacobaltate(lil).

pol y(1, 4- but anedi ql ) - ri al ). carbonates. 30
Pol yal kyl ene gl ycg\3’3@?&&%@@%@@%%%#%@“@?%*hge@)s?'{‘}%ﬁ‘s'é@ i n conponent
c) inclume pedbmpbhnd eapgesbnted by forbula @8y ers (pol ysorbates). These

pol yal kyl ene glycol sorbitan esters are described in nore detail in Le A
35 180-US -9 EP 1 115 489 (V110 001 15336)) the teaching of which are

i ncorporated by reference. Polye lhe ycol sorbi nono-, di- and
triesters of fatty acids having M‘ng@\l&izatorm and gm?o 40 nmol of ethyl ene
oxide are preferably used in the present invention. 5 Polyal kylene glycol

gl ycidyl ethers which are preferably used in conponent c) include nono- and
di gl yci dyl eMi&F&Nof pol ypropyl ene gl ycol and pol yet hyl ene gl ycol . These
pol yal kyjene glycol glycidyl ethers are described in nore detail in German
Pat ent Application No. 198 34 573.9. dycidyl ethers of nononeric or

pol ymeric (having at | &histas defined inferonsta (lini ts) al i phatic, aromatic or

ot of e abl y used i n corpbitht CEINEkITaralRBE RIS o “rono-. di <. tri-.
tetra- or polyfunctiongl x'éi}/iaﬁl‘]&téré itegeRArf afedhoRBABDLE thdtut anol , hexanol ,
oct anol, decanol, dodecanol, tetradecanol, ethanediol, 1,2-propanediol,

1, 3- propanedi ol , 1, 4- b&lesteapuirality of thelDMiCreampound existsopaned i ol |

1,2, 3- pr@@anet riol, 1,6-hexanediol, 1,1,1 tris(hydroxynethyl)ethane,

1,1, 1-tris(hydroxynet hyl ) propane, tetrakis(hydroxynethyl)nethane, sorbitol,
pol yet hyl ene Ryéfecatblyand pol ypropyl ene glycol are preferred. Both nono-,
di-, tri- and tetra- and polyethers are also useful in the present

i nvention. 20 Mono- or xdTgl’§/c1 yﬁ‘gﬁﬂgr%"@f’ but anol , hexanol, octanol)
decanol , dodecanol, tetradecanol, ethanediol and 1, 4-butanediol as well as



pol ypropyl ene gl ycol and pol yet hyl ene gl ycol, preferably with degrees of
pol yneri zation gf ﬁ to 1,000 nononer unié , are preferably used in the
present inv U ycidyl ethers useful in the present invention are
typically obtained by reacting nono-, di-, tri-, tetra- or polyfunctional

alcohols wth epichlorohydrin in the presence of a Lews acid, such as, for
exanpl e, tin tetrachl di=dén(d), Fegi) Ca(ll) ériNiih)i ded to gi ve the corresponding

chl orohydrins, and thegn deh I e ith a base (for exanple,

hydr oxi de). 30 Met hodi\n'f“oﬁoéﬂggﬁéa?]i'lgrﬁrglmefGgm'et hers are known and are
described in Kirk-Q hmer, Encyclopedia of Chem cal Technol ogy, Vol. 9, 4th
Ed. Le A 35 180-US - 10 1994, p. 739 et. seq.; and in Ul mann,

Eg%cl opeggg 0123| IE)(aclirsples ﬂsmﬁ@lﬂ BL\&QcoMpbunalS)a) Bfequld th?mml n{)NeW Yor kt
ci et.hers use pre en nvention can be presen
" the i i SRERER A i Heep ke bbaaselh R ek B S e C b cal |y
5 nodi fi ed, rﬁexacyMéﬁbneaﬁylanaebﬁalt(ﬁ)lhé@@yanaéom‘ataﬁs Fofthepnponent c) are
conmpounds bui | t up from carbohydrates éﬁs(u ars non- su?ars (agl ycones),

i n whi ch t heexampledatsyitablRKe coppaunasghane auwr\/Ualted§ gFatent bond

10’ Nomosaccray- iee 2fc ARec TRl KoBIRENT 6. Fgﬁi%%ﬁsé*ﬁ%?? oce, oA

ar abi nose, x3gmscurRiesefuldn $ite pdiseaciabedtiones, such as sucrose and nal t ose,
and oligo- and polysaccharldes such as starch, can be used as the sugar

conpontht . c~- PN eapBlexingdigapds b) ug%féhnééeargﬁent iventign aend al ky!
radicals. | 1R 850 BhiorRoh B B 1o Bl QIS 5 TR GBI e bl v, al ky

radi cal s haV| n atons, can use he hon-'stgar  conponent .

d ycosi des vmnom 180¢ LhSe8 828505, Use.B 94138496EB|7109)|94§D|EE7&1:¢68C1H% whi ch
are typi cal I¥ obt ai ned by reacti n% carbo I%gjtrzlrat es with al cohols, such as

met hanol , HRI23, Brdpn %6@ 83AEB (dal93 a W@WHQQ§§CQ"S?‘F'£M i on of 20
hort-ch i
short-chain %rﬁﬁl@xﬁhgﬁgiﬁggﬁefgow}h%%?és)énﬂrﬁr%ﬁ%ﬁa bfég-s%ldtfﬂ?f ﬁ@ jtoms in

t he presence of" acl cosides wth cose as recurring
unit im5the cdrmapounds with héteydatoinsi auctt‘eagbinganf nm)gea phésphotusoer age

degrees of po pITRwhiEh caf Tortn cOmplxes withthe DME'drisound )5
Suitable organic complexing ligands useful in the present invention,
but are not limited to, are alcohols, aldehydes, ketones, ethers, esters,
amides, ureas, nitriles, sulfides and mixtures thereof. Preferred organic
20 complexing ligands are water-soluble aliphatic alcohols, such as ethanol,
isopropanol, n-butanol, iso-butanol, sec-butanol or tert-butanol. Tert-butanol
is particularly preferred.
The organic complexing ligand b) is added either during the
preparation of the DMC catalyst or directly after the precipitation of the DMC
25 compound a). The organic complexing ligand b) is usually used in excess.
The DMC compound a) is present in amount from about 20 to about
90 wt.%, preferably 25 to 80 wt.%, based on the total weight of the DMC
catalyst. The organic complexing ligand b) is present in an amount from
about 0.5 to about 30 wt.%, preferably 1 to 25 wt.%, based on the total
30 weight of the DMC catalyst. The DMC catalyst according to the invention
preferably comprises from about 1 to about 80 wt.%, preferably 1 to 40 wt.%,



25 Methods for preparing glycosides are known and are described in

Kirk-OQ hner ,L&EAaQ@scigpe g a of Chem cal Teghnol ogy) Vol. 4, 4th Ed., 1992,
page 916 et seq.; I n Ronph. Lexikon Chem e, Ronmpp's Chemical Dictionary,
Vol . 2) 10th Ed., Stuttgart/New York, 1996, p. 1581 et seq.; and in
Angewandfe Chem e 110, p. 1394-1412 (1998). 30 Suitable carboxylic acid
esters of pcbaslexddm’ thedbimbivelght osttlelDMCocatalyst) ofiemiixture ofitHeuctamplekiags of
C2- C3o0- carbox c acids with aliphatic or alicyclic alcohols with two or
mor e hydroxyq %ﬁS‘i SBhr nol ecul e, such as Le A 35180-US -11 et hyl ene
glycol, 1,2-prop i riethyl ene
glycol, 1,2, 3- prgd?)g"riri‘| 'z:érxr’mqL ?rn 5@3‘?{% ,s%?a%@bﬁ %eg"@la%tﬁ 1;utpgnedr ol ,

but anet ri ol ,catalystseacnoedinglto the preisent rnvenhgrh includeglycidyl ethers,

1,1, 1tr} rreth | ol -.propa entaerythri rb r.at ars) and sugar
5 ai corbls, SvesaES 2aEroRE BRfedbr bl spn s AEYe08, Bk 45HFD

monosacchari $i98&, e8¢ onanfidley APeoldaY @688 FNs, rﬁi&‘bﬁ@rusf 66HabBERds,ar abi nose,
xyl ose and ribose, disaccharides, such as sucrose and maltose, and ol i go-

and pol ysaccdn,@rmmﬁur&@d:bar@xylﬂmacrd estrs Gt roarcbsnrgaoeooraniedﬁapeeantrheas
aryl-) aral kyl - and, al kyl carboxylic 10 acids, preferably, aral kyl- and
al kyl car boxy¥9™PSUMdR  hore preferably, al kylcarboxylic acids, such as

acetic acid, but yFbﬁctﬁﬁr‘ fized Pe &5 istijtdsleths eémpehén&g'féptheapry' ic acid,

capric acid, lauric acr tic acid, palmtic aci stearic acid, oIerc
acid, 10nol eprtepacatmrmfcthewamlyé&tsecaorcﬂng tcathebryeaeeulnaenmcrreateakmmwyl ic acid

Chel ude et SR agsGied RTIR A0 g WG 7RI, WORBABYHS ABe M1 o1 br opane.
pentaerythri eermaﬁméteﬁteAmréaﬁ@heNo%nm% 120.6#96k 57959, brogyi0 ¢ aci ds.

Mor e preferred carboxylic acid esters of pol hy ric al cohols include nono-,

di-, tri- or 6%Dr&8§t3érfs739$ amdﬂgﬁiﬁagaﬁeaswell agdn \nited| StatgseRatest yt hri t ol

carboxyl i ¢ aNPHOBsHerE oruats oA hEYERSE gl BREBMEFoR From rat s
are knggn an I?éetw@?mdydmﬂomate& pdlyskilene, gl@mﬁérmﬂ@sﬂe@f Cheni cal
Technol ogy) Vo 1980, page 795 et seq.; in Ronmpp, Lexikon

Cheni e, RonpB® aﬂsume(elchhgiqudm&t'wsspwyegylamlgea mlv@@rylemm-wk 1981:

and in Ulm t \Y/ 10, 5th Ed.
1987, p. 173%‘?&052 ?W@f%é‘ﬂé?%%@bwhf(%&or éorﬁé{lglr?e% idg i ncl ude

C24- st er Oi dcpollyaxlpylomtnms @@Iydlkyd:Iacrylateb,rmaiyalbyrlnneﬂmd:rr,damspbolqhmymt erol and
are in gener lal)ﬁrrvedfrom an- 24- oi,.c aCIPa@e% |ntrout|on of

hydr oxyl £thers, ne'vamprb%‘ahrr%thea% Relyinyhage oh8li$f er r ed
ol e aphds aFSIy‘E@W@WF&@oﬁ%s SRIREBAEEHb 2o aérglrc“aééﬁ)wo Us -12 R5 R

~'~ R2 whereln R3 and 4 dent | of one anot denote H or

OH;, and 5 R5pdiyninybmethyl kNMr@GZPMYIWMWOIMFWC acid co-

NH- ( CH2) 3N+ 2- CH2)3-S03 ; th
fre((e aci) ds é&f%ﬂ%@?%@ epoﬁg'@ergr 883’91}43’5("\93?1 N&$e %_rjgracm(s‘&n ne earth ©
netal salts, niéicemhgtfdé Bepegmers, IBfroRRtHylcellibsed 4id pbRAceRli$ having 1

to

Functionalized polymers preferably used are polyethers, polyesters,
25 polycarbonates, polyalkylene glycol sorbitan esters and polyalkylene glycol
glycidyl ethers.

Polyethers which are used in component c) are polyether polyols
with hydroxy functionalities of 1 to 8, preferably, 1 to 3, and number-
average molecular weights between 150 and 107, preferably, between 200

30 and 5 10*. Polyethers used in the present invention are typically obtained
by ring-opening polymerization of epoxides in the presence of



30 C atons, and am des thereof, preferably, with alkyl radicals or 10

sul f oal kyl , 1suAf3% 0481 noal kyl , sul f ohgdr oxyal kyl am noal kyl and

car boxyal kyl radicals 1n the acid or salt form can be used in the present
i nvention. Exanples of suitable bile acids, salts, esters and am des
thereof include cholic acid (3a, 7a, 12a-tri hydroxy-5~i - chol an-24-0i ¢ aci d;
R~ = R3 = l1%oRespoRfing ﬂartemompbl)rnds:bomuamrrag:adtr\ze)uydmgealatomSMdem

hol at lithi | at e chal at I d
(32, 7o L. (334 A BokaBRlTp et oratumlel PRIC HBNG e de: m- = o

= H R2 = m cholic acid
(3a 7a 12atri hydroxlﬁéegwgrﬁ% 24- oi gégﬂ' gﬁ@éﬁ%gﬁﬁ?ggﬁlﬁ; amege R~ = R3

; R4 :hOF mlﬂ@xygmp{m@pmvgmowmne)polyolmﬁ&wgm%l A
o Fo & R BEYEBRealGen e ETRCA0aR BB g e, T ni um

d hol at ep id
Nﬁgg{gogyﬁe t hy?rirr??@dﬁﬂ%éﬁé@xidé @@gr%é%&ﬁr@%ﬁ%@%_ oy rd I%ﬂeOI c fgl e

35 180-US - 16Xide @ndrpaly(prpesrexyathyeaekglyeelsr odeoxychol i ¢ aci d

L2501 e A ot S AT i o ™

chenodeoxychahd paftiyl Mah&hedpo@febtéiswrrrcrﬁhav@hydi@af'%d) Pupsighd R- = R3 = RS
OH R2 = R4 = H), 5 sodium chenodeoxychol at e ycoc enodeoxychol ic acid

(3a 7a18i hy davarpgs[molerelas wejghts beloy i QQD[c'BrQ%M’é@?A?TS] ane drscriked= R3 =

OH, = R4 g@] o)
taurochenode@x’ﬁghﬁ?t@'lw%a 7a- Htﬁ%lr'%%ﬂy"g 5'?@ %ﬁgﬂ% OFféiyg%ﬁ?&s

N-[ 2sul f oet hyith averkge RolecuRd weights 62100 1346, GOBi,anBEOH ridrhibéi3-dFia8-to03H) , 10
sodi um t aur ochenodeox}x/chol ate, lith chol i c acid (3a-h dr oxy-5[i-chol an

24-0i ¢ acid; gonhighare syitableder 4 thepre iamef pely RS,
potassiumlif %&;ﬁ?é‘?ér%rb cﬁﬁrlhtﬂla pgﬁé‘é?dtqnvenér;onRﬁxgr?&Ieg o&gur;atag - O R4 -

(3a, 6a, 7a-tr1 hydroxy- ol an-2401 c aci
H), sodbum hpolybsieas mclude polu(athylene@Iwbé;adrpatmspmlmdmtxylenleaglmol

R 2 0 R adigates) polidiFonMsheciont mﬁ{tg@iﬁglﬁqlﬁﬁfyrﬁ"ri?ﬁ@iééﬁycFf;;r ate,
pot assi um hygg @ﬁ@g)%ﬁéﬁea SRk oRsiclompeRy) posleta 88 ot hy!

ester, deoxych acid ethyl ester and aci d thy ester. The

sodi um | it hadipates) mwyﬁ%mﬂwms&@mydm gitarates)r et hyl 20 esters of
cholic acid, glyc olic a urocho ic.acid, deox ChO|IC ac
T odeomyahoti o SoRRarSaffeg gt At Permrl U nsh iclitie;

gl ycocipgnodeahyisdtd pély @@rbdnateeur/rﬁr@hmodm&m@obh@ ga@up‘is ahd tabera@el ic acid,
hyochol i ¢ aci d, hyodeo) olic acid and m xtures thereof are preferred

Bil e acids sme%anweéﬁgbs@vra&wooaér hese, pecarponies @o& desciibethl an 25
20-01 & 201 6) ¢ pososaprEhar sk AL A e o lighalc 2001

acid), 7-oxo- I C acr ofc acid))

l'i thocholic polytafbenadté-alicls (Wi etage yndledilahweigihts’éf 400 t6j0003rsul f at e) ,
norcholic acid fa% bi sna (‘hhol ic acjd and salts, esters E&d am des t her eof
can be used PRefEFRPIyMESE N theRresenbinveniions; xanplesof Sifa esters and

am des ere %3}:( i Tech Lab. 43
(1995) 2t53847 PlyEadANIGS thaflide. Woh 1 CASATRAAERALSRRE, Tech, | ds. Vol .
4, Pl enum N@aly(’dnemle%Sglyaot) qarbcmata@, pdlya(xilpropyleae ghobfdarboratesp’ s

2D| 4gt Ie? ng;é of o‘\l?{rurﬂ?yler){e gyco Ic'arrll(‘}onatiggt;531 S4 |s"?"|t 2 tthylcngohexan ])997) P

carbonates, poly(1,4-butanediol)-carbonates and poly(tripropylene glycol)-

carbonates.

30 Polyalkylene glycol sorbitan esters which are preferably used in
component ¢) include polyethylene glycol sorbitan esters (polysorbates).
These polyalkylene glycol sorbitan esters are described in more detail in



Sui tabl e cycl odextrins useful for conponent c) include unsubstituted 5

cycl odextring A% 1dpys ester, al kyl ether, hydroxyal kyl ether,
Wme

al koxycar bo r and carboxyal kyl ether derivatives and salts
t hereof. Cycl odextrins are cycl ohexa-, cycl ohepta- or cycl ooctaanyl oses
with 6, 7 or 8 1,4-1inked glucose units, which are fornmed by the 10

breakdown ofppYar 148y (B DDMEI3BRARE de6cHiig BEwhldhUsredhésrpbpdated byder the
action of cyclodextrin glycosyl transferase, such as, for exar‘rRI e, a-) ~i-

y or 8-cycl deterencer. Palygthyleng glyeol sorhitan sana-cdir pod\iriesteeplfattiaving 2 to
30 C atons, Q- r L.y o 20 C atons,
preferably fg{' cgér ﬁ%@ﬁb}étgﬁaé gl %é‘ngaﬁogg;? ﬁ%@icgse?ﬁﬂéﬁée’ O%Irdtaefaéllrtaabl Y,

al kyl car boxydreferablydsedanehe présent invemitibhe car boxylic acid conponent for

the cyclodextrin esters. Linear or branched alkyl grqu having 1 to 30 C
atons, Pref er abl yPolyakylepe alyeal g ,'d)ferF@rﬁMﬂ'f'@?éfﬁ 8’,9?%‘%%/ l2%$3Ct'£?131toms, can

be used as t or, . | Cﬂi;ﬁf

- hydr oxyal kyﬁﬁ@/ﬂs‘( F“}W@ﬂ!&fﬁ%o}(r{%grn t(ﬁ%'?éﬁ&@%ﬁéﬁ%m ¢ n&'p_y %&r@%%oelﬂ kyl

eg herz. q/claintggbl;yetiwlmae%lqgﬁb!'Eheseqnblyaikylbae gtye:tebgltycldlyl/etMer@are ncljyde a;j,

~3 and y-cycl odextrins an ej r_nmono- i - and. triether - i- an

Cricoters: ariPSRGEdD BaTa datRLIn oA Reers ARRicelipR oo 1Bs Joar b9

et herification ofaRei bs SHORSerRISHBAI W ; ' agents, such

as, 25 for exarrplceaslcgjl_y\r{g%eyr??gm ate or a‘?ﬂgﬁéﬁg(ﬁﬁﬂégbﬁﬂgﬂo 30 C

at oms, 18uch menomer usita)plighaticeatgmaticohgra)iphatig yhondsudiyl tri- fetraybr  hexyl ,

heptyl and octI CB| OI’II cfe cgrom de .and. i o%lccge, and/ or te terification with

acetic acid BPVEEE ?’ﬁ?@%@? SiaFE Pf?ée'a%é\é‘é _'no‘forae‘?'&@ eferred are

met hyl - a- cycl odexghycidyl @eidis lof mhorfor CHi0ARX tteirs- onBaIpiinciénal-dliphbagextrin,

et hyl - ~3-cycl odextrin,” butyl-a-cyclodextrin, butyl=~ cyclodextrin,

but yl - y- cycl algekolsi for example hutapol, hexgnol coetanel, decand, dodecanads 180- US - 15
tetradecanol, ethanediol, 1,2-propanediol, 1,3-propanediol, 1,4-butanediol,

15 2,2-dimethyl-1,3-propanediol, 1,2,3-propanetriol, 1,6-hexanediol, 1,1,1-
tris(hydroxymethyl)ethane, 1,1,1-tris(hydroxymethyl)propane,
tetrakis(hydroxymethyl)methane, sorbitol, polyethylene glycol and
polypropylene glycol are preferred. Both mono-, di-, tri- and tetra- and
polyethers are also useful in the present invention.

20 Mono- or diglycidyl ethers of butanol, hexanol, octanol, decanol,
dodecanol, tetradecanol, ethanediol and 1,4-butanediol as well as
polypropylene glycol and polyethylene glycol, preferably with degrees of
polymerization of 2 to 1,000 monomer units, are preferably used in the
present invention.

25 Glycidyl ethers useful in the present invention are typically obtained
by reacting mono-, di-, tri-, tetra- or polyfunctional alcohols with
epichlorohydrin in the presence of a Lewis acid, such as, for example, tin
tetrachioride or boron trifluoride, to give the corresponding chiorohydrins,
and then dehydrohalogenation with a base (for example, hydroxide).

30 Methods for preparing glycidyl ethers are known and are described
in Kirk-Othmer, Encyclopedia of Chemical Technology, Vol. 9, 4th Ed.,



i met hyl -~i -cycl odextrin, 2,6-dinethylry-cyclodextrin,

met
di et hyl {d A3 qmugsl n, 2,6-dibutyl=rg--cyclodextrin,
, 6-trinethyl-a- cycﬁ)dextri n, 2,3,6-trinmethyl-~i-cyclodextrin,
6-
6-

’ trimethyl ~y-cyclodextrin, 2,3,6-trioctyla-cyclodextrin,
trioctyl-a-cyclodextrin, 2,3,6-triacetyl-a-cyclodextrin, 5

6-t ri acet994, p37389@t.osbxt andhjn Qlidadn IEnem!m;;édfaochhMmlri n, (2

Vel oxy) Sré)gwm?cvv Yo A A . WRHNGY b T4 FosB2y T at e anc

ccinylated a-, thers Y ti ti
> 6o di Methyl - 3. ace [dy_leé_ﬁcéyc gg&e’)ﬂfﬁe; brgrs]en invention can be present in the

2, 6- di but yl -fhistvexd 9atah(st cryttieddentongmally(empjom@lgrfma cheaieallyng
cycl odextrins are known arg.descri bed in Ronps, Lexikon Chem e, Rorrpp S
Cheni ca Di c'PPaﬁ'QPy? gl(lj\yar%gz de &Mt gart/New York 1997, p. 845 et seq.: and

[ n Cheri cal Revi egfitfiot Ddeéﬁéﬁeorﬁbeﬁ@m)@e%mm% bt 6P frsre Sui tabl e

as conponent c¢) 15 include organic phosphates, such as, for exanple) nono-,
di- and tri eear oby@atqﬂq@ygatﬁ)uw@mmsuwsdaglyqones)tmwh@hdhe@glmgeers of

b6l ypospor | B et e PRSEn et yiend byopb Bl Fond ilin Rehg FERGRBLE oni

phosphi t es i shyefthEsabohydrate Wénmb@m@mé adetaphosphor ous acid and
al cohols having 1 to 30 C atons. Suitabl e organi c phosphonates include

nono- 48d di est er Moppsaechasislesi sucttasiglugorel gﬁi@@tpﬁanmna@sasfructose

21 Loxycar bongopsshayBe BB Y Bttt 1 o8 stEldihrand

cyanophosphomiaftose; aisd oligst aﬁ@inbIKsahcharlaés tguch asstateH, ro@ﬁ&ﬁe%@d)és
al kyl di phosphonl c acids and al cohols having 1 to 30 C atons. Suitable
phosphoni t esthenYaaRICoOmRANESt s of phosphonous acid and aryl phosphonous aci d

and al cohol s havi sesters
of phosphi nic aci 99 %ﬁq&fjﬁ&ﬁ ?Rosp I ni gu%% Seaﬁhoﬁq'ﬁwﬁ'ypﬁ@‘ggh I’ni c aC| 'ds and
aryl phd$Sphi npreferabis malﬂylaambalkylsrakiwalmgndretpreﬁﬁalyaamy’sradlcalsh_Awag180 us
-16 Suitable th,@pél nites ingclude, est ﬁrs of al kyl E’PR% Lnous acid,

di al kyl phosphitd s esAN Be YspA &SRR MeN=Sugar §oRIRPNeNtohol s having 1 to
al cohal 515 havi ngl s a0 (h ot Brdferatdl By e Ml Yoy adslag Ty

pr ef er iabl Y, which a? t@pﬁ:atlyrsbtqgnm by ﬁeaqzmgauaa?&kiwqrawskxﬁmlyaldo;nblségdcm kél

al cohol s, nore er 0X cohol s an used as
the al cohol _esrpunanp: ctAnefir oSy s 888ngh 6Y by Beb8aCeialeh of oo
phosphogi t es shéﬂ dpaRs ARy NGy eSsidesiwih 95tBhalebhels Hemid'S td pothetdmesent

invention are typically obtained by reacting phosphoric acid)
pyr ophosphor the ﬁfﬁsﬁncﬁ&fﬁﬁlﬁ’é}sphorl c acids, phosphonic acid, aI kyl phosphoni c

aci ds, aryl phos h
al koxycar)l:/)oﬁyl pE\osp oﬁgﬁ)ggéoaﬂ) Ié%ﬁf\@%?ﬁ%%%é@%h%@@@@%% cy nao'Bhosphonl C
acid, al kyl dwgtincsikyl@hiain gt ofsCs 1oh0sHMmhaverage idegrgaweiohor ous aci d,
phosphl ni c amgl) é)hosphl us acid or haI 0 derivatives thereof or
phosphor us oRPCHEIENR Mqtlﬁnrﬂ%ﬁ%@e'&a g&%rﬁ 8d-1 to 30 C atons, such as
et hangly, et hanol yheRaRt preB ﬁ%g'ycgﬁg%%?é’}(noﬂﬁmre q?es%htaaéah%xanol

0 , 0

hept anol, octanol, nonano odecano tridecan tetradecanol ,
20 pent adecataik- Oﬂ'ﬂfnaldﬁm:yofopedamfﬁwamal Techraioige afabl 4, Mbrﬁdet%ﬁl

met hoxynet hanal X rreth ol . propox t hano but o noI

2et hoxyet han®@9 ;1;55? ﬁ%&—"ﬁ’@éﬂ—%&ﬁ@%r&? ényﬁ hyI

hydr oxyacet atmbt,d}mpy\!/olhﬁdﬂ@aﬁy@&esm@armawlvdmdﬂ@ge/q; 0|F58qu=ftt®q APy |
hydr oxypr opi onate, 1, 2-ethanedio 1,2-propanediol, 1,2, 3

tr.hydroxyprcup)émewndtelchenu@ﬂﬁg)lmb’i%% 61a98) entaerythrltol Phosphori ¢

frioct S estere. proEsRorRBoRl cadHieStess o MMt Fabe BNt Chor i ¢ aci d
tris-(2-but oxypeigodent ey intiwie stew Wgepaamoaylidacldbwlmla|mbﬁcm
phenyl phosphonj ¢ acid di oct%‘l esters, hos honof orm ¢ acid 30 triethyl

esters, phosHEHeiscaiepholg i tﬂ’\fq(h"e'inﬁiﬁ %’Péylﬁf%%ﬁ’ﬁhmﬂﬁ%ﬁ% SRS

triethyl esters, 2-phosphonopropionic acid trimethyl esters,
2phosphonopropionic acid triethyl esters, 2-phosphonopropionic acid Le A
35 180-US -17
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tripropyl esters, 2-phosphonopropionic acid tributyl esters,
.3phosphonopi e gBii®oaggd triethyl estergg)-tributyl phosphite, trilauryl
phosphites, "tris-(3-ethyl oxet hanyl - 3-nmet hyl ) phosphites and

hept aki s(di propyl ene glycol) phosphites are preferred. 5 Methods for
preparing phosphoric acid, phosphorous acid, phosphonic acid) phosphonous

aci d, phospImtmylen@glydoaﬂcE-er@dﬁmm,Waaedier,siiethglehacgtycai,nd are
described in Kir q E C clope?lq of Ch 'gﬁL Teégn I Y, Vol . 18, 4th
Ed., 1996, fsnetbxén@tg 1.2,3:Prgnspsinal dreioNon chbutangdifbot 2 chen cal

Di cti onary, blfane %ﬁeﬁ%l EheXahih! {1 Netm@h{oletRade, 2113280 et seq. ;
in Ul mnn' ncyc ope a of’ n us riaﬁm lem stry, - Vol 5th Ed., 1991,
p. 545 et sdimethayhol-propabebsentaenythrite chdudydoades (sws)samnteaugﬁrem e

[ Met ho of anlc em stryl, s XiJLI,and Xl 112 Stuttgart

19631 1954. é‘% ssék%gr%ﬁ%[)géquﬂfﬁwr A d"t@Q@é@a&rﬁ@f @bl e as conponent c)
15 i nclude "RgRssacth Pdéélsucﬁ% @ebasaétg%lécteée Ffbdhdde, Muictbsend al kyl,

al koxy, al koxycar bonyl and al koxycarbonyl al kyl'acrylic acids wth al cohol s
havi ng 1 t o @abinoaeoxyosmangsibpee disagaliayides, sughas sueriose andi - and

one. “pr of dndtoss s ias, 38 FORACRAREES Sulk as Bl °1"Fo 50 C atom, -
preferably, aral ka%(c @bMXﬂhd@@dgr@hoﬂwb | afdiRyisandraligldaredyieb! v,

al koxyal kyl and al al cohol's, can be used for the al cohol conmponent .

Pol yal K| encaaidsiqseterably, aaikyld and ehkulcgrlgﬂwllc acidsy more peeferaly.y

ol voul o wetHPAERRSUERAE SR ol R RrE 36 REVBIGhoRd, e *°

preferably, cdiffoictadid, Wpryliccdarial caprizeadic ddufi®acidhmyesistioboid, pampitioent .

a, ~i -unsat ur at ed carbox |1 c acids useful in the present invention include
acrylic aci dafaﬁcﬁtéﬁﬂ‘}ﬁc'd gleieRgid, MGGPIM?BQF'B@%WC&‘P%QJ ¢l beiusedci ds
having 1 to hylacrylic acid (nmethacrylic acid), 3
30 net hyl acr%lhc% gécr|8§§¥'créttq@ﬁ|8§‘p§cug§f trans-2, 3-di nethyl acrylic acid
(tigli¢sacid), 3,Brefemed katmxylic amdaastelrs(m‘epm-ﬁiwinc alcohbls amotlide

3-neth [ i Le A 3 80- U 8 f | d
- ot o mac L fstere st b2 BprReRGITR GV Perohe] d LS MHBIEPERRY | | ¢ ant d. mor e
preferably, J)éle?ﬁhﬁ’t%! %ﬁ;&&@aﬁﬂaéﬁ%ﬁtﬁﬁ WHH G,-85i-Sikyfsarboryie Aiciysat ed

carboxylic aci ters use Int resent invention are typically
obt ai ned by est erMureareferredfcanmnylc adld esters of palghydiic aleotiolpdncfidelr oxy

conmpounds havin .30 C ato net ha et hanal et di ol
(ethylene g oy in s o BpSs of b2 Biosaed iAol BentadARS

1, 3- pr gpanedhRé sodbitan3vibth @9@, Ialkyiarb8kylledcids., butanol, 2butanol,
|-but anol , 1, 2-but anedi ol , - but anedi ol , 2, 3-but anedi oI 1, 4but anedl ol ,

1,2, 3-but anet ri ol Meihw]ioarmmarmgq@amﬁwlyc acitheptain of polyhbs@mraﬁ@phol@o

bl Lof RS A8 She Kol A Uengpb i R Bler,

roxymet hyl ) pEﬂbﬂﬁepemerﬁf&}ﬁeyhiﬁal T@dhnafmgmwrmtsrarm 1%01CD69@919&9D|

ropoxymnet hanol ,  but oxynet hanol , 2-ethoxyeth e
Dbut ox3y/et han8&€9: %&mﬁ@m@m& %mlealﬁ Ay, éﬁ%%w 15
hydr oxyacet akg,y g;ﬁgmbv Wﬂir BH P rﬁanﬁ By BFMBUQH@WO' propyl

hydr oxypr opi onat r pol yet her-po yo such as~“po yet yl ene g s and
pol ypr opyl ené)@lrmstvys\/oIV\Aﬂﬁ 5ﬂheEd;oﬂ9&E,gmrftTi3q@1& ~3- unsat urat ed carboxylic

acids, optionally resence cat a and triesters
of acrylic acid amd ﬁQHh@P@FF 5%U§%ﬁ pé%‘eé‘?ﬁéﬁ‘é’g'ld& C2413t§r ‘opanedi ol ,
1,3-pr Opaned'cﬁl('jboxjyhéaeid%%ﬁéh afe bﬂea@@%’“’;ﬁ@b@bﬁs of: o%o?es@ér@l)éﬁ@fa?é M)

1,1, 1-tris-( roxynet h -propane, 1,1, 1tris-(hydroxynethyl)-propane

et hoxyl at es, géneralderwed Q‘ﬂmymjﬁbaohm;tm%matpdrby iptroguctidrneafdwydroxyfl yet hyl ene
glycols and pol ypropyl ene col s_ar referred. 25 More preferred

, =i - urdSat ur &F rtgGWPP%t'éEPH (égt' g"g §7e ‘S%\]é hyl ene glycol acryl ate,
pol yethyl ene gl yc%egr?evd IP4dins B v BuL R4 Y tHeYerBRATBHYLAL
pol yet hyl ene gl ycol acry ate, ypropyl'ene gl ycol acryl ate,
pol ypropyl ene gl ycol diacryl ate, polypropyl ene glycol nethacryl ate,
pol ypropyl ene gl ycol dinethacrylate, 1,2,3-propanetriol 30 diacrylate,
1,2, 3-propanetriol dinmethacrylate, 1,2,3-propanetriol triacrylate,
1, 2, 3-propanetriol -1, 3-(2-hydroxypropoxyl ate) diacrylate, 1,2,3 Le A 35
180-US - 19 propanetriol -propoxylate triacrylate, 1,4-butanediol acrylate,
1, 4- but anedi ol di net hacryl ate, 1, 6-hexanedi ol diacrylate, 2-hydroxypropyl
nmet hacryl ate, 1,1, 1-tris-(hydroxynethyl)propane triacryl ate,
1,1, 1tri s(hydroxymet hyl ) propane- et hoxyl ate triacrylate, 1,1,1



5 tris(hydroxymnet hyl ) propane-ethoxyl ate trinethacryl ate,

1,1, 1tri s( hyds pxasregbhynlg pr opane- propoxyl.gge triacryl ate and

1, 1, 1tri s(hydroxXymet hyT) pr opane- propoxyl ate tri methacryl ate. Met hods for
preparing a,[3-unsaturated carboxylic acid esters are known and are
described in for Kirk-Q hner, Encyclopedia of Chem cal 10 Technol ogy, Vol.
18, 4th Ed.) 1996, p. 737 et seq.,; ,in Ronpp, Lexikon Chem e [Ronpp's
Chenical Dictionary]) Vol. 4, ¥6 d., Stuttgart/New York 1998, p. 3286 et
seq.; in Ulmnn's Encycl opetli a ¢f ndustéi al Chem stry, Vol. Al19, 5th Ed.)
1991, p. 545 et seq.; and LR dvet hoden der Organi schen Chem e

[ Met hods of Organi ¢ Chem

2410\

ECHJ| ar structures" neans that the ionic surface

foupds, have at | east one hydrophilic ionic group (or

20 at | east orﬁ,“hydr i1¥c i ¥ c nolecular portion) and at |east one
hydr ophobi ¢ group (or ézeast one hydr ophobi ¢ nol ecul ar portion). Exanples
of such ionic surface or Thterface-active conpounds include surfactants,
soaps, enul si fhi ers, detergents and di spersing agents. The hydrophilic ionic
groups can b¥"'%%f®Bnic, cationic or zwitter-ionic 25 (anphoteric) in nature.
Exanpl es of ani ony i R | Yo tes,
t hi osul f at es) phogﬁ)hgél’gjtagér,‘a %b@gﬁpﬁg?%gy%ﬁ%ﬁ%%?(‘;‘é;’and g‘?ﬁhi&gdp)) Osphat e
groups. Exanpl es ahdcationi c groups include anmoni um phosphoni um and

Sul f obeba ne._and i aeer (R COON MRS R AT e
prereranly, - A IALRCHLCHORLC 25D, SHRPI- K (CIAEZ(EH,)s2002! KY
Cals, Howver e ke RO O Y T Bl

radi cal s. However, uor oal 5 180- 0 sil aal t hr aal kyl

and oxaal kyl thg trepacidscorsalis tharaciprefarablyugikali imetakopaligling eamlvent i on.

car boxy! at es MBETPE: SATRHEIE Jodleof A BBl ML PR WBRA B o e
(car boxy et hiBOat efril iy ki thepsdy proTéraY), Mibsalksiabicars ol onat es_and

succinates, bile acid salts, e.g. bile acid am des with sul foal kyl and
car boxyl# ky| skHealkyl sulfealkyamingalkyl osutfohydraxyaliylamineatkyb@ndes, such as

e akyl - sul FRIRRSEIGRIRREP i Filaci B AR g B Utod e bRy 75 o2V

aryl et her - simJerition. and am doet her sul fates, sul fated carboxyl ates,
sul fated carboxylic acid glycerides) su|fated carboxylic, aci

esters,
sul fat ed car boxyl iFcag¥igs ghpuiable bile asiis: §§|,tsvéS§‘°frsélrlgﬂm',d%rtgﬁfeoind
al kyl aryl sul f; : _?@MJ G0 At ar poxyhi ¢ aci d
esters, sul f(l)lﬁ])ég. e%égglﬁ%é?&g%?’%éf%i ar%a%’g?,B czgﬁrggélto%ejg@gf F’(Oul I13?)nat es)
such astfi- sulR©o= Ratt QHaR 0= Byt ehdlic awid bodiam skt Godfumahekate s lithiwaucci ni c
acid esters, ether-sulfonates, thiosulfates, phosghat es, .e.g. alkyl

phosphat es ﬁmobatgcmtassip%@ﬁa@glycsh§WM@ &30, gh‘t?@ﬁﬁim’éf@_é&’l-féﬁd o
Ui ophos PR SXARLER Lotk by ARG HS- W R1LdoAPR, 1T g gt i oni ¢

groups 20 inc imary, secon ar'y ‘and2quat er nar y-2annbn? um

salts w th alkNH-CRCOaM, %@UW?IyC@&i&@t@ta@bWWﬁ@@B(ﬁme sal ts,
quat ernary ammoni um esters) benzylanmoni um salts, al kanol ammoni um sal ts,

pyri di ni um sdfibydrokyriS@achwlam2droie acidsii-[2-safoethyllamideilRsT Ratft Rz &1 OHi um

salts, | ts of _ambhe_ Qxi , ~Sulfonium sal t inaliniumsal.ts,.

i soqui n%(?i ni | _2?&?&%&3&9%&#@% §3_ v Pﬂ%'%‘?' a?oéy&?‘f’fl:\‘ﬁﬁg'dcprrpounds
wi th hydrophi B0t ZostiiHyBFoyos)-hORAPANbRY ddid; RY 2FaS= Ry O FaNE Rg =0xi des,

i m dazol i nium derivatives, such as i m dazoliniumcarboxyl ates, Dbetai nes)
e.g., alkyl- RBhdodivnmdpoxyshdaieapoiassiusutieoxyohalatesljthium decxydholatei ¢ aci ds

d 30 ph hql i pj d 0., . ti.dyl cholJ I ithi . Le A 35
and 30 Phospagl Lol ol sl SRRSO Shec Sk L€ A 50
several hydr qEBfdegH{eQﬁ*I_%?hiﬁe?‘RQquh SaH, W £ R3RH OR, M IHIEH;-CTOA), 9r oups

or nol ecul ar portions. e tonic surface or 1nterfaCe-active conpounds
which are suitable 5 for use in the present invention are known and are
described in Ul mann's Encycl opedia of Industrial Chem stry, 5th Ed., Vol.
A25) p. 747-817, VCH, Weinheim 1994; in Kirk-Q hmer. Encycl opedi a of

Chem cal Technol ogy, 4th Ed., Vol. 23, p. 477-541, John Wley & Sons) New
York, 1997; in Carl Hanser Verlag, Tensid-Taschenbuch [Surfactants
Handbook], 2nd Ed., H 10 Stache, Munich, 1982; in Marcel Decker, Surfactant
Science Series, Vol. 174, M J. Schick (Consulting Editor), New York,
1967-1998; and in Methods in Enzynol ogy, Vol. 182) MP. Deutscher (ed.), p.
239- 253, Academ c Press, San Diego, 1990. The DMC catal ysts of the present

o o "

ni c surface or interface-active
eft C) des anphi philic nol ecul ar




15 conprise two different conpl exi ng conmponents of the conpl exing
conponents deswadedo-Usm a preferred enbpsli nent of the present invention,
the DMC catal'ysts conprise conpl exi ng conponents which conprise a

conbi nati on of phosphorus conpounds with a,[i-unsaturated carboxylic acid
esters, of 20 phosphorus conpounds with cycl odextrins, of phosphorus
conpounds wi dipnl gtye@zﬁ&yehélapétqa@ﬁm@buxymmm(ﬁww2&-cmtydroxy-5§s or of
phosphorus conpounds with bile acids or salts, esters or am des thereof.

Corrﬁl exi ng cemlar@draic\asid N-2ovriioethylamideidrngRion Q4. %h'OﬁﬂTOHJBW‘OITpOgndS
~3-
WHEh a, ~3- Ungaf éF%hOS%§@Pp§X¥$dlﬁmat% B(ﬁéﬁc?latg cﬂ%ﬂé@@&&éﬁfyﬁéﬁﬁﬂmoun S

with polyesters conpounds coslI osphorus
conmpounds Wi {Ju, Bidihydrosy-5ptctiotdn-24- cﬂébem Ryr= R&TbCFe§ ey ROE Ry £ H),
particularly preferred. In another preferred enbodi ment of the present

i nvezitj! bn, ta@dlmmcwemsh@atepgg@@cbemﬂmgolmdr(&mﬂsx-mh| ch COITEI’I se
2. brunsat ur aEYSESEER sl a?cgéq'@?‘@fc‘?ra@%éﬁﬁx%rﬁﬁ Stel. of

ol 4 bsters B pat yigdet = NG PO GHpsasy é‘@?‘ggt@ﬁ*ﬁﬁ%‘@ icacid

eslt eL Sdﬂ Cpgltacﬂ.h%glne;rmvﬁoo@bmm a;tjmt:i I(Bcg,l?;eaecd]bydtw;cl-fﬁcmmlamydnccacatNee{r_ZESt) ;ar s of

Bgl g;hg;dri c aﬁh‘@q’ﬁ}i")é]%‘l‘{%’ %1 ag'lggl gﬂ =R t'é" %@rm Cé%o&ﬂa%‘g 't her eof ,

or of qgr boxyhis n?fétﬁo%r%o%&&cmv\#éhﬁmdcﬁoﬁt% g@ﬂgb -%&&3{25@- Pa’ k> box
ylic

conmpounds. Conpl exing conponent

acid esters Q#f- qjolaygtwml:cRgI:o@hpRg, 2Rt B Ry -|}-gp§@d|unﬁmndchmm@pxyl ic acid
esters, of carboxylic acid esters of polyhydric alcohols wth polyesters,

of car boxyl i @obaﬁswreéltmobotﬁtedwqawueaélda(B@«ﬁng-tnbydm@(w%ﬂ ghalandds, of

carboxyl i ¢ ol B 5 & =By Ria B Reco Rl i BelGeidigBbaf" oy 05,
esters or amhgeshdlBe, %tas%rtﬁnnﬁybtshélut@ntybdébﬁjc%n@@cudl BocBditfydrexef er r ed
embodi nent of ‘the present invention, thé DVC catal ysts conprise conpl exing

conmponel® s \A,t‘iBe(thQiarmﬁAr@eaaId:&Tb? Rats Rp=THpR; &, R ahasedimed car boxylic
acid esters w clo r of ,a, ~i ted carboxyl i cid esters
M th pol yest Soofedhetdlae, fibiipipadonanpiis ndastud st Grdre:

gl ycosi des, Ghofie éélﬁ%éﬂfy‘l‘éé‘fe‘?dctﬁﬂlb%w bmyl astef! cféﬁx%ﬁon@ adid lé'tﬁﬁ aci ds or
salts) esters or am des thereof ~ -unsat urated carboxylic acid esters
Wwith phosphor&$§er(ﬁnd)bmai®JIC@|Cld)me§)y‘restﬁ1tsaturat ed 20 carboxylic acid esters

with carboxylic agi ers hydric al cohol s conponent s
whi ch conprise a c c?tcil't'l oH&b"erf”&%ﬂgﬁst'HWaﬁ W&@nﬂh&'f EW sters with
gl ycosizies, @fstérsiofehdhné u&i@t gli/céélﬁéﬂl‘)(a'dld Cta@ﬁddﬂtoﬁéh@ros debkycholic@chfi ds or
salts, esters or am des t her eof , a, ~i - unsat urated car boxyl ic acid

esters with pgtyrﬂm@x @rﬂﬁﬂ»dagrqge@ngtqi@rqql%mt@npyegx ieegid.| n yet
anot her pref t | ysts
b on SRR R bkl S ROBTER B o e i

cycl odextri nshymchbh@hgldt Hyddesdixyehslic actldcay\dl mdtﬁ)«bsltlmsremf e pidferred.i ds or
salts, esters or anjdes thereof, of c clodextrl ns _wi th phosphorus 30

conpounds, of cyclBileacids suchasnirseshaicacicd (3ea TR 13§tt€h¥dr6’P(Yﬁiﬁ Gelani ¢

Le A 052 a0, 0B BRdRRy 0IR Fd L TR RO RE pP XTI RARIE L on o

cycl odext ri nsagidy, i7- &tdzmhezzﬂholﬁi 5@6 $3t ;dedé@L'FlG%IHBLét%Ié\th -BklaRichci ds or
salts, esters or am des thereof, or of cycClodextrins with a, ~i - Unsat ur at ed

car boxyl i ¢ aditbocxtlieracichBesuifate (30uhy9dfoyy-@ﬁe¢tm1ared4 -dic bnlda'smulﬁahe) pyarf er r ed
enbodi ment of the sent .| nve st S _cqnpr.i se | exi ng
conponent s wHNAICEIHAS DISTOESHEIAFH AL 5o Polets BPd AERS POSBRER RS
conpounds, of h,Paby®#i BeSprekbht iHReR ! i ¢ acid est ers of pol yhydr| c

al cohoi s, or of polyesters wth a,~3-unsaturated carboxylic acid esters. 10
In anot®@r preferrB é@ﬂ&@nmltsoesmfﬁaapﬁmms thereoft arerknomeami/Bre at al yst s

conprise conp C ycosi des
W TR o voi dy SetrBRg R TRRA eAer 1680 E4P e G oBaf AP IR el oy o o

am des thereof, of glycosides with phosphorus conpounds, of glycosides with
carboxylic acid esters of pol yhydric al cohols, or of 15 glycosides with

a, ~i -unsaturated carboxylic acid esters. In yet another preferred

enbodi nent of the present invention, the DMC catal ysts conprise conpl exing
conponents which conprise a conbination of glycidyl ethers with bile acids
or salts, esters or am des thereof) of glycidyl ethers w th phosphorus
conpounds) of glycidyl ethers 20 with carboxylic acid esters of polyhydric
alcohols of egcidyI ethers wth a, ~3 unsaturated carboxyllc aC|d esters,

Y I N N T




In anot her preferred enbodi nent of the present invention, the DMC catal ysts
.conpri se comalg’pnmBocggponents which compri se a conbination 25 of bile
acids or salts, esters or am des thereof wi th phosphorus conpounds) of bile
acids or salts, esters or am des thereof with carboxylic acid esters of
Jpolyhydric al cohols, of bile acids or salts, esters or am des thereof with
a, ~3- unsat urThiecBile AchizxYbl. &, Ptertine silewsyorkf1998, eand én &Hnuwp, dadxikon esters or

am des thereof with cyclodextri.ns, of bile acids or salts, esters or 30

o des { hor SRR JRGEBR S IUElORHY GF NAWEBIRGaRrgio STbb&ncES or 5 or ani des
t her eof vvitlstgﬁ%g,itq%we,tg}gr@w pL84d\eged80- US -24 The DMC catal ysts of the
present invention are typically analyzed with el enental analysis,

t her mogr avi net r y Suitable cyclodexring oeefal fasfconiponentp) include wnsybstitiied wit h
subsequyent graviyerric detetrm nation he catal ysts of the present

i nvent in 0%3(0‘(9995{’%%{] {t}qg,esig%r,,@ﬁvl BJ‘@(';/EXI\%PW%@'@?'"%fmr phous. The
crystal lini ta){kci)@fc"aﬁﬁrgﬁdlw Mt AP EaBYXPAKPRthel deriviti/bs ambisis A preferred
DMC cat al yst according to the present 1hvention conprises zinc
hexacyanocoliberemfe(111) for conponent a) and tert-butanol for conponent b).
10 The DMC catal yst ,0f the present, inventiqn i i cal | (gpared in
aqueous sol ution I?%%'E'?% redc¥ﬁri?laqzxas-a?qu&berpé$b$%€\f(‘§fﬁ%q%ar?|¥ﬁfsg§ent ed by
the formul a ith 6, Mor!8 3, 4mRbicdd §liadse ansthwhiclh afd firfEdybpiie represent ed by
the formula (11), in the presence of an organic conplexing |igand b), which
is not1& furhreast@wnpéatqmw&a,cilysynaq@nanétqﬁaa,cnllyrsﬁ@sllam,u Byl i c acid
ester of 15 | yhydri | gohgl . Dbile idor salt, .ester qr am.,e thereof)
cycl odextri rﬁ&lﬂﬁo(ﬁﬁff&)@%xﬁmxml hpngﬁr%s,%-sb'ﬁsﬁsum{teé@ ?b%')()pl' i€ acid
ester) nor a3 d-eiiSdeMfihace or interface-active conpound and in the

presence of conpl exi ng conponents c). Preferably, the aqueous sol ution of
the netal salt (fAryleaetiylean@alkylcarbaylioracitts havipg @teB0 @ atomischi onetri c

t | t | % d th t al i |t d.th t al
cyan de. sal (PEToIRDb a1p108 s oMare REStatpin Qe CABT PSR *: cact ed
in theqgr eseé'r‘éﬂ%@lfaﬁ&ﬁlkglbg?dﬁ 1i€ BRSNS prafarMly, BIkfEArboRY IR RIS,

tert-butanol). suspensSi on conprising the DMC conmpound a)” (for exanple,
zi nc hexacyaarecsiitablenas the earbauylia acid conponest for thacyclodaxtrintastensgani c

conplexing ligand b) is forned. The organic.coupl ex | igand.b).is either
present in the aqh'@éﬁgoggﬁ%ngﬁ% agfy?gmgﬂa&ﬁm%gﬁ?%@n(g%é?m?h@eﬁ%%my'cyani de
salt, or is pdsled Clatdas, MofOpidisrabls REBSI0D AdmS! cadi Beiudetiais the of the DMC
conmpound a). Preferably) the m xture of aqueous sol ution and organic

conpl exi ng | aliggeoraponentfogihestysigdextiinsalkylrethersThiaydraxyrikdiedhemsor med i s

t hen tpgat ed M ] _ - - 25 conpl exi ng
corrpongﬁts C)ﬁwggﬁgxrﬁﬁﬂéﬁgﬁ%%%pde)g?ﬁoéﬁa{gﬁglé%gﬁk% c) is preferably used
in a mxture of V\@tyelbd@minermemrablgmhw'thtgp#ésgaﬂmbhtioﬁ heldddoc@-al yst is
then isolated fromthe suspensi on by known techni ques, such as

cent ri f ugat i 8hd greyeladextiinscand theirangned, di-rang tegthads.neanoofdisanthe present

e kA8 PR AAGY, WSS BB S o0 o
renewed i sol aiHepifichtior] b &L, - iapa yadyctedtxtrid s @ith iaflatindPa gants C e é%'DIVC

byproducts, for exanple, potassiumchloride, are’renoved fromthe
cat al y26 by fexrshiample hdinmaiiy suifateyer aligylthalidas havingut tasd0 & alomsfsuche 10

R ueoue” Bt expplk Moyl M ReRY. Bubfosts neRi hes  Sd ofBLS ), "
the total weiHYide!f briideshdiadides ahdfor esterificafich ith)acetic 9t br amount  of

t he conpl exi ng conponents c), preferably 0.5 to 5 w.% based on the total
wei ght of succinic acid in the presence of acids.

Preferred are methyl-a-cyclodextrin, methyl-B-cyclodextrin, methyl-
30 y-cyclodextrin, ethyl-B-cyclodextrin, butyl-a-cyclodextrin, butyl-f3-
cyclodextrin, butyl-y-cyclodextrin, 2,6-dimethyl-a-cyclodextrin, 2,6-



15 aqueous wash solution, is added to the agueous wash sol ution.
Preferably, Lehg 3BMgrakal yst is washed mgre than once. This can be
acconpl i shed by repeating the agueous wash sol ution procedure descri bed
above. However, the use of a non-aqueous wash solution for further washing
operations is preferred. The non-aqueous wash sol ution conprises 20 a

m xture of @igatiy- C@,:addzmmg21waﬁdtHy)T@ydlodemhezleaane@wnmnents c). The
washed catalyst i's then dried, optionally after pulverization, at

t enper at ur es:yoiodlew’trge R@-dlbum-[}rcml@@)ﬁﬂd, Zsacﬁetrmpetbylswslodextrm. general 0.1

Catal ysts' 223000metiy B TREPHHD A IR e edeRa, 2 He oethar at on o
pol yet her pq{-{%gélﬁdg)\‘tnﬂg%,i ve%édéﬁ' -B%CI&#&&"IH Q?‘ hrieeni Ié)pcs 5&@5&@@

conpounds contalning a ene OXI preferably used
in the presens G-ﬁié@étyl-ﬁtby%lci‘je&trhv|2€$16-tﬁét:@l9$y c?maektﬁne(zm des, butylene
oxi des and m xtures thereof. The build 30 t he pol yet her chal ns by

al koxyl at i ommwybpronybamdmllb)(Ztthf@(y)mOPybﬁfGy be’rﬁ €2epoxi de, or
random y or ckw se 3 di H’Y er ent meric es. Further

details in tW OX\IgraRy *&&HC%QeMSWnaa orq_cgn aaely ‘2‘8 U | mann' s
Encycl opadi esuﬂ;‘acf hANEY B e&ﬂyee%c[%@ée%ﬁn 02/ L dirrféfiiyi- n%&%yl- L &Beeﬁfnpseq

Starter corrpoun cont aI ing a ogen ato Are preferably
used in the m@g@n@,bu BrAdayi- @bydg@gsnﬂnnds wi th nunber 5 average nol ecul ar
wei ghts of 18 to with 1 to 8 hydroxyl groups. Exanples of such
startef0 corrpoundsMQﬂ'@@tfﬁy pm@r@gw@r demrmsweéw@wg\ nbpre desaeribed ivne

gl ycol, 1, 2- w; ggi h gl ycol ,

bi sphenol A,Mﬁ&h&%ﬁ%ﬁ C%‘?ﬂgbﬁ ae’@ ?é T ¢tﬁr€d ‘Sor bi toI

sucr ose, degsaﬁt@drm%lew%rawgmpems é0séy. $andireChethR@ln@wsgal ning active
hydr ogen atons which has been prepared by conventional alkali cataIyS|s

froma | ow ndI9884N4A3wei ght starter conpound nenti oned above and is an
I | k ht of
20010 2 000 1 5 o AP oSS CEHEous i Rol RS S e BERERR RO et ant ©

pol yaddbt i onl,ncttﬁteacbrgaad: mslphatdBN@Jctataaj fios exafpld)eanon®s dirtaridniviesteron, of an
al kyl ene oxid a st rter c npound cogt ai ni ngf active dro en atonms is

carried out ¥ préoq rrBO'P)%'t etii- 89ditgtraggfers g Rreprhos n 40 to
180C, nore p Yy { e carried out
under an ove?g{j%%ﬁesghﬁg ‘(’)f?ﬁ'g %@%PB!{y&é%gﬁPSlygﬁéﬁe@p% 9%(:’1% tion can be
carried out ah:obolsma)mngam toﬂératomsganl c soI vent, such as toluene and/or

tetrahydrofuran (= of s | vent is usua 0 tg 30 wt. %
based on the totaPy }BP')&rﬂfgaﬂ'CpPgwo e | (Vd“of‘B ikéﬁs&?f O(Fh ’
catal y9p ConpraspErbas acki @ﬁwa@ahém{avﬁﬁgﬂ t680fC atehs. control of the

pol yaddi ti on reaction is possible under the given reaction conditions.
Suitable organic phosphonates mclu e mono- and diesters of

phosphonic acid, alkylphosphonic acids, arylphosphonic acids,
alkoxycarbonylalkylphosphonic acids, alkoxycarbonylphosphonic acids,
cyanoalkylphosphonic acids and cyanophosphonic acids, and mono-, di-,
25 tri- and tetraesters of alkyldiphosphonic acids and alcohols having 1 to 30
C atoms.
Suitable phosphonites include diesters of phosphonous acid and
arylphosphonous acid and alcohols having 1 to 30 C atoms.
Suitable phosphinates include esters of phosphinic acid,
30 alkylphosphinic acids, dialkylphosphinic acids and arylphosphinic acids
and alcohols having 1 to 30 C atoms.



25 The catal yst concentration is typically in the range fromO0.0005 w.%to
1 w.% prefiley A¥s18RUYPL wt. % to 0.1 W% nore preferably, 0.001 to
0.0025 wt.% Dbased on the total weight of polyether polyol to be prepared.
The nunber average nol ecul ar wei ght of the polyether polyol prepared by the
process of the present invention is in the range from500 to 30 100, 000

g; m): pref er abl )Sulﬂaﬂl@ﬁhbﬂ)lﬁﬂﬁé@ﬁmwdgééstemfmlngfﬁmpﬁmhous 2ci@p0 to 20, 000
g/ no Le A 35 180-US -27 The ition can be carri out

cont i nuous| ﬁl@lkylellweéawﬂp%@e@ @pdp @@X INPUSAGiH apd a?qp@i?rhawagah

process). Bqgaigse fbmshei r significant I y increased activity) the DMC

catal ysts of t e present invention can be used in | ow concentrations (100
ppm and less, 5 Wead—amdpbtyhadnmaryl,odrabql yetkdeyalkybapdlalkyb atlwehplsepar ed) . I'n

bresencs.of NANDIS SRS Rl aLwZﬁ%'%ﬁé*‘aEé@SS%%‘" RIRREESAT Fhe otep.
Of r.emovi 1 316, Rt Bidtbyaly (araRyL AAILIKGH A o AebheImao O ¢ ed

wi t hout adversely affecti ng the resulting

pol yur et hanepreferakiyn atkoxpéikplzarthakkiyl, aIQ@hols?caeredeEétasdhe alhwl Ed. 1993, p.
25-32 and 57-67. atrrpl es Catal yst preparation 15 Exanple 1 Preparation of
a DMC cat al y%q BB'?EJ?rm ng a phosphorus conpound and an a, p-unsatur at ed

car boxylic acid e@trgamé Qﬁbgbwaéslahos%nés%dgdmnaw‘s E)ﬁoéplﬂ)r(l@s 5 mol )

zinc chloride in 20 distilled water was added to a solution of 4 g (12
mmol ) Pt as spmﬁnlrera@tegrandcpimphmt@susem imthegpresent isdentiarearadypically gor ous

Ter - but anol OAAINoSEYreAc BB H ByBhutc AEGE Bviniheaedd hilb odlameshorir e

and the ni xtmasvmmgdmmcsémaraﬂylaﬁoypmf@ueuuxs él?ﬂ)iﬁﬁ?hbﬁmaddg 10 min. A

m xture of 0.5 %Iene di acry | at e | ol ) and 0.5 g
2- phosphonopal&spxmrboré)da ymﬁplnorégtaélds @lk@xmarboay}paﬁamhqn@am@ g

di 'l ed f
S i The sndfAUSRERBAIEEAS NGRS fc 408, ik didtosphoRR] 50 oo
rpm f06 10 atldswphdsspmombuslami @ho@ﬁhc?r@ug dcit, phibsphinid aC|60 g distilled

wat er, g ycerol tri capr ate nd 0. %12- pPosphonopro ionic acid
triet hyI estB ogptHNeYs aeid an "f?é'l"P? qreaf or pRosphesul g¥ides - 28 sol i d

was stirred ,p&)
tert but anol %gﬂg yet ene g yéq 8 acry?at egﬂzﬁé%%&ﬁ?ml) and 0.5 g
(ijhozpponopretham![ml,cprapamblt :)lutggbylpeetarmi heMaPef z-eﬂhwl’rmxagcthelp'gar@?t Sl ys'sj was
rie 0 constant  wei nder nor ressur e o] rie
pulveru et 18&@@&&:!\ ; g%cgv@géﬂ?%?an&ﬂat%ﬁnjﬁﬁégﬁcan% O w.% Zint =
070 &R ﬁol hek&dedamiol, HepPadet céh I%ﬁﬁﬂééér&g a
phosphor us cgﬁpound and a cycl odext rpﬁ (gata l'yst 11): The same procedure as

set forth i nmethegirecthanak ethaxymeihaept ptqmv(ymthaml dadox)yma&\angl 2-
pol yet hyl ene of X5 RlhaloR I-Ylcpokysihdnsr, ROXBRPARBAGPbREAG, ethyl

hydroxyacetate, propyl hydroxyacetate, ethyl hydroxypropionate, propyl

hydroxypropionate, 1,2-ethanediol, 1,2-propanediol, 1,2,3-

25 trihydroxypropane, 1,1,1-trimethylolpropane and pentaerythritol.

Phosphoric acid triethyl esters, phosphoric acid tributyl esters,

phosphoric acid trioctyl esters, phosphoric acid tris(2-ethylhexyl) esters,
phosphoric acid tris-(2-butoxyethyl) esters, butylphosphonic acid dibutyl
esters, phenylphosphonic acid dioctyl esters, phosphonoformic acid

30 triethyl esters, phosphonoacetic acid trimethyl esters, phosphonoacetic
acid triethyl esters, 2-phosphonopropionic acid trimethyl esters, 2-
phosphonopropionic acid triethyl esters, 2-phosphonopropionic acid



acid triethyl ester, 2,6-dinethyl-~3-cyclodextrin (BETA W7 M 1.8,

avai | abl e fnan\¥rkgo-shem e GrbH, D- 8178 Muni ch) and 2-phosphonopr opi oni c
acid triethyl ester were used as the conpl exi ng conponents. 20 Yield of

dried, pulverul ent catalyst: 4.8 g Elenental analysis: Cobalt = 10.7 wt.%
Zinc = 24.3 wt.% 25 Exanple 3 Preparation of a DMC catal yst conprising a

phosphor us cpropyhestens, 2:phospresiopropibalcaadid tributyl)estdise3sane procedure as
set forth in Exanple 1 was used, except that 30 | nstead of usi

pol yet hyl enepr@%v@noarmwp@p@ feﬁﬁéhy,!eﬁt%% JABHbPRRsRites trilavey! ¢ ¢ |get hyl
I
To0-Us P20’ psEHgS s R Ao Ehangl ¥ Fbnbdbniecad nagus-  o° A %

conpl exi ng c@igropgiene.gly6ot) pho:s‘phaiesede ppefbn'edul ent catalyst: 4.4 g 5
El ement gl anal ysi s nple 4 10

Prepara®i on of a Mﬁﬁ“{‘gﬁ&f Pﬁpacrﬁ‘fgp‘?h%?pﬁ‘ﬁr'ﬁ aﬁﬁ’o?ﬁﬂﬁ?h@”&'ﬁrﬁ%ﬁnd and a
gl ycosi de ( P{.ﬁn ? ot le 1 was
used, exceptcﬁﬁié nds%/aélgd I(liﬁ's usi nb‘gﬁ(gﬁp?ﬁﬁgf’@'ﬁgg“f??@a %ds?Pﬁ%EE and
2- phosphonopamﬂlastere aré kaoimh and arehgesosibedrin Kitk-Qthmer: Foicyglopediai afe
( GLUCOPON 65 i Lable fro el K , 589 Dussel.dor ~ and
2- phosphonop&g ?ﬁa}ﬁ%&'@f’a 4 Qpﬂ]ﬁegﬁl Ep &/@gé B&#ﬁgsqﬁe'% i ng
;gg})onent s. Ybskén @‘herﬁmeeﬁbonwﬂ's/ﬁvgu}rﬁéw Diéﬁd?‘idl/’?tVoI4431 Gthdy Fl ement al
ysis: CobaltT = II.Z Zi =
10 Stuttgart/New York, 1998 p. 3280 et seq.; in Ullmann's Encyclopedia of
Industrial Chemistry, Vol. A19, 5th Ed., 1991, p. 545 et seq.; and in
Houben-Wevl, Methoden der Organischen Chemie [Methods of Organic
Chemistry], Volumes Xll/l and XI/2, Stuttgart 1963/1964.

a,B-unsaturated carboxylic acid esters suitable as component c)

15 include mono-, di-, tri- and polyesters of acrylic acid and alkyl, alkoxy,
alkoxycarbonyl and alkoxycarbonylalkylacrylic acids with alcohols having 1
to 30 C atoms and polyether-polyols.

Mono-, di-, tri- and polyhydric aryl, aralkyl, alkoxyalkyl and alkyl
alcohols having 1 to 30 C atoms, preferably, 1 to 24 C atoms, more

20 preferably, 1 to 20 C atoms, preferably, aralkyl, alkoxyalkyl and alkyl
alcohols, more preferably, alkoxyalkyl and alkyl alcohols, can be used for
the alcohol component.

Polyalkylene glycols and polyalkylene glycol ethers, preferably,
polypropylene glycols and polyethylene glycols and their ethers with

25 molecular weights of 200 to 10,000, preferably, 300 to 9,000, more
preferably, 400 to 8,000, can also be used for the alcohol component.

a,B-unsaturated carboxylic acids useful in the present invention
include acrylic acid and alkyl-, alkoxy- and alkoxycarbonylalkylacrylic acids
having 1 to 20 C atoms, such as 2-methylacrylic acid (methacrylic acid), 3-

30 methylacrylic acid (crotonic acid), trans-2,3-dimethylacrylic acid (tiglic

acid), 3,3-dimethylacrylic acid (senecioic acid) and 3-methoxyacrylic acid,



Exanple 5 Preparation of a DMC catal yst conprising a phosphorus conpound
and a 25 bille Agsgirysvati ve (Catal yst-1§): The sane procedure as set forth
in Exanpl e I was used, except that instead of using polyethylene glycol

di acryl ate and 2-phosphonopropionic acid triethyl ester, cholic acid sodium
salt and 2-phosphonopropionic acid 30 triethyl ester were used as the

35 B0- US-- 30 Eremantal analysl o Cotml b e o Zne =32 0 e % 5
Beanpl e 6 PAEGIPEVATHIGACH, DHED ieleray. AW 20 MU BIRBURGMIE a9 o eot e
of_pol yhydri ¢ al GohalneaRhafths ExbbxRSAL GBI WSBLIMHE frodshe St er

(Catalyst VI): 1 he same proce e as set fort 1 was used,
except that inveritmoareftypisalhgobtzined by estegifightjoroof mhoaor,\diatr-, tetrh- or

e o b i k30 e B A ™
Diissel dOFf)etﬁQq%IPQ{Hé%temﬂl %&ﬁy%:né@y%c?; 3<r2tl5|éghghg|,g¥e}9a%ﬁo|gl1@l ) were used as

t he conpl exi ng component's. u ent tatalyst: 5.2 g
El enment al armmabpanedioRd ,Hpbepanedid, 6,2y8-peopatietriol {glyte®lwbutandb@npl e 7

P ti f t al 1 Si o) ' ' t f
pol yhyari ¢ diaigh FHERGT ) aTRsERREIeI | CCaRanguet A PitaedialeT e pr ocedur o

as set fortpitAné&diBMl, 2 3lbasetidd-psaRrer, 1iHEXanblILRéstanbl, Ysbdtanol
pol yet hyl ene glycol 'diacryl ate and 2-phosphonopropionic aci'd tri et hyl

est er, 1ol yet-nphanel, dtdenainok drdodecaneh rietiidesanol, hitstradgcanol, 1-
hexadecanol, 1-heptadecanol, 9-octadecanol, 1,1,1-tris-(hydroxymethyl)-

propane, pentaerythritol, methoxymethanol, ethoxymethanol,
propoxymethanol, butoxymethanol, 2-ethoxyethanol, 2-propoxyethanol, 2-
butoxyethanol, methyl hydroxyacetate, ethyl hydroxyacetate, propyl

15 hydroxyacetate, methyl hydroxypropionate, ethyl hydroxypropionate,
propyl hydroxypropionate or polyether-polyols, such as polyethylene
glycols and polypropylene glycols, with the corresponding o,p-unsaturated
carboxylic acids, optionally, in the presence of catalysts.

Mono-, di- and triesters of acrylic acid and methacrylic acid with

20 ethanediol, 1,2-propanediol, 1,3-propanediol, 1,4-butanediol, 1,6-
hexanediol, 1,2,3-propanetriol, 1,1,1-tris-(hydroxymethyl)-propane, 1,1,1-
tris-(hydroxymethyl)-propane ethoxylates, 1,1,1-tris-(hydroxymethyl)-
propane propoxylates, polyethylene glycols and polypropylene glycols are
preferred.

25 More preferred a,B-unsaturated carboxylic acid esters are
polyethylene glycol acrylate, polyethylene glycol diacrylate, polyethylene
glycol methacrylate, polyethylene glycol dimethacrylate, polypropylene
glycol acrylate, polypropylene glycol diacrylate, polypropylene glycol
methacrylate, polypropylene glycol dimethacrylate, 1,2,3-propanetriol

30 diacrylate, 1,2,3-propanetriol dimethacrylate, 1,2,3-propanetriol triacrylate,
1,2,3-propanetriol-1,3-(2-hydroxypropoxylate) diacrylate, 1,2,3-



SMO 120) and 2, 6-di net hyl -~i -cycl odextrin (BETA W7 M1.8) were used 30 as
.the conpl exLa@ 89ABONESt S. Le A 35 18@elUS -31 Yield of dried, pulverul ent
catalyst: 4.6 g Elenental analysis, thernogravinetric analysis and
extraction: Cobalt = 10.1 w.% Zinc = 22.1 wt.% 5 Exanple 8 Preparation
of a DMC catal yst conprising a carboxylic acid ester of polyhydric al cohol
and a pol yept@fan@fﬁﬁléﬂmmxylétbltlflacw[até'h‘b,4smltanedlobmiyladae aﬂs4£tmtarﬂ€m‘iolh in

i acryl at e AREEBAGHEIBN HROPERIeTI ciatiate & BvrTebal meytareudls,
tricaproateq a,nqi tﬁ@&w %gmw)%&%ﬁeﬁgggweghﬂtﬁr ate) (M- 1, 020) were used

as the corrpl exi ng onent s ried, pulverulent catalyst: 5.2
g El enent al trm@hymxy;memyb)qaﬂrmpanebetfmxylat%riazﬂ'ylate;12’318 w.% 20 Exanple 9

ol yhylr | o RBRIBXmATM IR oRate ol e PagRies T nE Cane pr ocedure as
set forth i gy k?nmbtﬁﬁﬁ)rb'ﬁéﬁb tatéheécrylaféaﬁdhqfww ng pol yet hyl ene

gl ycol diacry Ia and 2 osph onoproplonlc acid triethyl ester, glycerol

tricaproat etrm(hydmxumewwmow@-amm atetriethorrdate. EC) were used as t he
Co A 35 180- Us - MPtbas fon alePafind poiuhSeyplp Eright sbll fetbiare 5,7,
w . % known and are described in for Kirk-Othmer, Encyclopedia of Chemical
10 Technology, Vol. 18, 4th Ed., 1996, p. 737 et seq.; in Rémpp, Lexikon
Chemie [Rompp's Chemical Dictionary], Vol. 4, 10th Ed., Stuttgart/New
York 1998, p. 3286 et seq.; in Ullmann's Encyclopedia of Industrial
Chemistry, Vol. A19, 6th Ed., 1991, p. 545 et seq.; and in Houben-Weyl:
Methoden der Organischen Chemie [Methods of Organic Chemistry], Vol.
15 XI1/1 and XII/2, Stuttgart 1963/1964.

A structural feature of the ionic surface or interface-active

compounds suitable as component ¢) includes amphiphilic molecular
structures. "Amphiphilic molecular structures” means that the ionic surface
or interface-active compounds have at least one hydrophilic ionic group (or
20 at least one hydrophilic ionic molecular portion) and at least one
hydrophobic group (or at least one hydrophobic molecular portion).
Examples of such ionic surface or interface-active compounds include
surfactants, soaps, emulsifiers, detergents and dispersing agents.
The hydrophilic ionic groups can be anionic, cationic or zwitter-ionic
25 (amphoteric) in nature. Examples of anionic groups include carboxylates,
sulfonates, sulfates, thiosulfates, phosphonates, phosphinates,
phosphates and dithiophosphate groups. Examples of cationic groups
include ammonium, phosphonium and sulfonium groups. Examples of
zwitter-ionic groups include betaine, sulfobetaine and amine oxide groups.
30 The hydrophobic groups are, preferably, C>-Cso-hydrocarbon
radicals, such as aryl, aralkyl and alkyl radicals. However, fluoroalkyl,



Exanple 10 5 Preparation of a DMC catal yst conprising a carboxylic acid

ester of poll_gwggi,'(‘ei_!lggphol and a gl yci_(i)()l_ ether (Catalyst X): The sane

procedure a n Exanple 1 was ‘used, except that instead of using
pol yet hyl ene gl ycol diacrylate and 2- phosphonopropionic 10 acid tri ethyl
ester, glycerol tricaproate and pol ypropyl ene gl ycol diglycidyl ether (M-

640 g/ nol) ‘é’ﬁéélk?!?&ﬁa&kylté}ﬁi 6§43k groGps are a6 Huntabl¥ Bk dsefin tHe ed, ,
pul verul ent catalyst: 574 g 15 Elenmental analysis: Cobalt = 11.1 w.% Zinc

= 24.9 w . vprésentpteentionPr epar ati on of a DMC catal yst conprising a

boxyl i id est f ' | iLe.aci i i
(Catal yst xi) - TieeEonlgs of SuBaRE BeB ullsi B hytRBeRe i Bt s ™ | @
except that jhdlgd6 adristixyltibs bueel iRyl @itBog)iates! (s6ape) ¥thare and _
2- phosphonopr opi onic acid trleth¥ ester, glycerol tricaproate and cholic

|

ac: d sd.?i umoasbexylates (carboxymetiylated ellaorylaighh polysasemetates, such @s of dri ed,
ul ve t f. I ! : 1S i =.43.0 % Zi
P30°0 - ogialoRgteR and'sdeingteS JBY AtiadaRs e bbbid dokbildesin? 1 1 - 4, TP

conpri si ng ajulfaak§t ané shtboadyalkyterdicaly in thecszlifoas; amimmdcid cycl odextrin
(Catalyst Xil); 5 The same procedure ﬁs set forth in Exanple 1 was used,
except t hat dexiyatiues.GuchasRATEesides kolkaneylgarsesinatisicr yl ate and

AR SE o R ARG Rl Bkt o RS AMfel, haegingac ! o1
as thei@onpleyi fagtyldicoiwietinersidfates, alrdd athedsulfates pot\amidbethiercat al yst: 4.7
g Elemental si”t%ltgsﬁis%lfaé% ccaorgglqtllat:es,lgul?at\é\% 'coaA)rboZ)iyrl}g azid2 SI'y(“ifer\%éso,/0 Bxamul e 13
sulfated carboxylic acid esters, sulfated carboxylic acid amides,
sulfonates, e.g. alkyl-, aryl- and alkylarylsulfonates, sulfonated
carboxylates, sulfonated carboxylic acid esters, sulfonated carboxylic acid
15 amides, carboxyl ester-sulfonates, such as a-sulfo-fatty acid esters,
carboxamide-sulfonates, sulfosuccinic acid esters, ether-sulfonates,
thiosulfates, phosphates, e.g. alkyl phosphates and glycerol phosphates,
phosphonates, phosphinates and dithiophosphates.
Examples of suitable compounds with hydrophilic cationic groups
20 include primary, secondary, tertiary and quaternary ammonium salts with
alkyl, aryl and aralkyl radicals, alkoxylated ammonium salts, quaternary
ammonium esters, benzylammonium salts, alkanolammonium salts,
pyridinium salts, imidazolinium salts, oxazolinium salts, thiazolinium salts,
salts of amine oxides, sulfonium salts, quinolinium salts, isoguinolinium
25 salts and tropylium salts.
Examples of suitable compounds with hydrophilic zwitter-ionic
(amphoteric) groups include amine oxides, imidazolinium derivatives, such
as imidazolinium carboxylates, betaines, e.g., alkyl- and
aminopropylbetaines, sulfobetaines, aminocarboxylic acids and
30 phospholipids, e.g., phosphatidylcholine (lecithin).



Preparation of a DMC catalyst conprising an a, ~i -unsaturated carboxylic
acid ester ppdh ga5p@ovaster (Catalyst Xihh): 20 The sanme procedure as set
forth in Exanple I was used, except that instead of using polyethyl ene
gl ycol diacrylate and 2-phosphonopropionic acid triethyl ester,

pol yet hyl ene glycol diacrylate (M- 575 g/nol) and

pol y(2- et hyl - 1, Fherioni ftitace! ditinterfate- a(o"tWebo&ﬂi&m‘derc%nLﬁl@dcéﬁtaﬁme 25
conpl exi ng conponents. Yield of dried, pulverulent catalyst: 5.6

El enental aS8v§w& eydmmusvdantomc andfor gati lcgnﬁléorzvegelelqmcmroups_@m
35180- US - B%cﬁégu nErepar ation of a DIVC catal yst conprising an
a, ~i -unsatur oxy ic acid ester and a glycoside (Catalyst (XIV): 5
The sane procedUH'eweasnméurfawdsr |hferlé>cemdtwebowqmumied~hnehm3undstae i nst ead

?E: tlhplf %isf”éﬁ;%érﬁénw@myé%me a”daér%%?é’ﬁ Bo%i"p'f?'c‘)'aﬁra?ggf? 1

E/l elyg gf drlcggég kﬁ I'ver ul ent cat gfﬁﬁfish?ﬁhﬁa eneﬁ'?g}jbg?%{]?g?s

theg nmogr avi rWemhelmnw%nﬂ P@r_rkelOMechnogmfopé‘dllaaof;Chemwal Wechholagy,c = 21.9
. 15 Ex P C

Wt~|(iunsat u?‘gﬁé ]\Z?‘bésss:gﬁ gﬁao@a%%? ogF, QF& IEQ&P('E&—%H yst XV):

20 The same @r%e?%rﬁafrepsld T%éﬁérﬁ‘bﬂc S +@caﬁts"ﬁ§nd§c%k(]) ERt, H hat

i nst ead of USI ene glyco ylate and 2- phosphonopr opi oni c

acid t10 et hﬁtaebe eMunpbt yeswnm_pﬁgud &mkaytmtt&(ences?wgﬂ 1)I- and
Com! ext g cambmeieidarnerdin dewmo Feretiland T 75 5
El ement al  angbitpds:in @?ﬁ?{}ﬁologﬁ VbIM8ZM A, fID“eLFEséHér‘(ed\ﬂ) §0239-253,

Academic Press, San Diego, 1990.

The DMC catalysts of the present invention 25 component ¢)

15 comprise two different complexing components of the complexing
components described.

In a preferred embodiment of the present invention, the DMC
catalysts comprise complexing components which comprise a combination
of phosphorus compounds with o,p-unsaturated carboxylic acid esters, of

20 phosphorus compounds with cyclodextrins, of phosphorus compounds
with polyesters, of phosphorus compounds with glycosides, or of
phosphorus compounds with bile acids or salts, esters or amides thereof.
Complexing components which comprise a combination of phosphorus
compounds with o,B-unsaturated carboxylic acid esters, of phosphorus

25 compounds with polyesters, phosphorus compounds with glycosides, or of
phosphorus compounds with bile acids or salts, esters or amides thereof
are particularly preferred.

In another preferred embodiment of the present invention, the DMC
catalysts comprise complexing components which comprise a combination

30 of carboxylic acid esters of polyhydric alcohols with a,p-unsaturated

carboxylic acid esters, of carboxylic acid esters of polyhydric alcohols with



30 Le A 35 180-US -35 Exanple 16 Preparation of a DMC catal yst conpri sing
an a, a-unsaj greagsd gpaygoxylic acid estepjand a bile acid derivative

(Catal yst XvI)T 5 The same procedure as set forth in Exanple 1 was used,
except that instead of using polyethylene glycol diacrylate and

2- phosphonopropionic acid triethyl ester, polyethylene glycol diacrylate

(M- 575 g/ nmeyglodextrinboof @rb@)(?dncsamtu ustessbof pmhydmem&ohelsth conpl exi ng
conmponents. 10 Yield of drie ul verul ent cataly El enent al

anal ysi s: ChBlesters,iaf carpxyic aalch@ster@ of rolyhydgic abola%mm glygosidepar at i on
of a DMC Cafo%xmoxgﬁ’@g&hsééwrsao r%%tap]écgwx&é‘%tﬂ qyéi&g%e tger (Catal yst

XVIl): The same pr ure as set ftorthi use except that
20 instead chrhoxyiigapid ersters/d)mmylwqrmmmeiswmmlm amds or phtbs,rﬂrmmpr opi oni ¢

R 3?%@5%53% B0t 9% 0F Lol ACUes e T BO! | ?ﬁf@ﬂ%“ﬁﬁg ot mol)
RN - mgé?"g’f%m ﬁ%@?%@%“%g mkh%wr@tA 35" 180- Us

-36 Exanpl e cb&bﬂnﬁnmaﬁmarbomfhcaadﬂﬂf@stms af pelyhydripalcohols witle wep-odext rin and
a bile acid u%%g’ltuvrgtteldvc?ar g%td% z¥c$|é e)s%lrls,I 3f:carboxylic acid esters of polyhydric
alcohols with polyesters, of carboxylic acid esters of polyhydric alcohols
10 with glycosides, of carboxylic acid esters of polyhydric alcohols with
glycidyl ethers, or of carboxylic acid esters of polyhydric alcohols with bile
acids or salts, esters or amides thereof are particularly preferred.
In another preferred embodiment of the present invention, the DMC
catalysts comprise complexing components which comprise a combination
15 of o,B-unsaturated carboxylic acid esters with cyclodextrins, of o,p-
unsaturated carboxylic acid esters with polyesters, of a,B-unsaturated
carboxylic acid esters with glycosides, of a,B-unsaturated carboxylic acid
esters with bile acids or salts, esters or amides thereof, of a,p-unsaturated
carboxylic acid esters with phosphorus compounds, or of a,p-unsaturated
20 carboxylic acid esters with carboxylic acid esters of polyhydric alcohols.
Complexing components which comprise a combination of o, -
unsaturated carboxylic acid esters with glycosides, of a,B-unsaturated
carboxylic acid esters with bile acids or salts, esters or amides thereof, or
of a,B-unsaturated carboxylic acid esters with phosphorus compounds are
25 particularly preferred.
In yet another preferred embodiment of the present invention, the
DMC catalysts comprise complexing components which comprise a
combination of cyclodextrins with glycidyl ethers, of cyclodextrins with bile
acids or salts, esters or amides thereof, of cyclodextrins with phosphorus
30 compounds, of cyclodextrins with carboxylic acid esters of polyhydric

alcohols, or of cyclodextrins with a,p-unsaturated carboxylic acid esters.



5 The sane procedure as set forth in Exanple 1 was used, except that

I nst ead of | hyl ene glycol diagrylate and 2- phosphonopr opi onic
acid triet hE /(‘959‘8’0\(@36 di met hyl - ~i -cy-?ljodext rin (BETA W7 M1.8) and

cholic acid sodiumsalt were used as the conpl exi ng conponents. 10 Yield of
dried, pulverulent catalyst: 4.3 g Elenental analysis: Cobalt = 11.4 w.%

Zinc = 26. 7 Odmffexik, dammsl%ﬁﬂe@@mphwa @misinBlibh 6REPHYEEXIARSTT i Sing a

gl ycosi de and a gl ycid ether (Catalyst XIX): The sane procedure as set
forth in Exdith @yaidyleet a§e@f cysledextring aitholle agide ga salts,asterg ool yet hyl ene

ol yol ycoo: ALReS tistpef 88 SRABOGRIARIR 7 o3t Sireleq BiboRFF beieay) et fer

(M 640 g/ masjeraeyre gﬁﬁﬂﬂ@ﬁ,p B&dip! exi ng conponents. 25 Yield of dried,
pul verul ent cat al yst 6.3 g Elenental analysis: Cobalt = 10.0 wt.% Zinc =

22.6 Wb % Le Anapotheynusfered embegiment of thapeasent ivestion, theDME: al yst

or occdur o as 2V SfibrRR oo o ir Wit aiplif A ordbbaicn "t ng.

pol yet hyl enef poyesters ivathr yh@émomr@camg\luﬁwmgmmt@@ witlReaboxilict hy!
ester, an al kyl polygl yCOSI de 650 EC) and cholic acid sodium salt
were used a@qd]est@o&rpfmvhgdr&a?p@h@lﬁt or oflmplyesetets with gt B-sinsauratedr ul ent

(1:? géﬁ ne4f%rl%?)5f)'8%’§ﬁ %%tegspagyﬁ):\/é cg?gﬁi/;t :cérlrp?i \évlt nogA) azé{];ci:dsr gt \rg\'ter %and
a bilecid In another preferred embodiment of the present invention, the DMC
catalysts comprise complexing components which comprise a combination
of glycosides with glycidyl ethers, of glycosides with bile acids or salts,
esters or amides thereof, of glycosides with phosphorus compounds, of
glycosides with carboxylic acid esters of polyhydric alcohols, or of
15 glycosides with o,p-unsaturated carboxylic acid esters.
In yet another preferred embodiment of the present invention, the
DMC catalysts comprise complexing components which comprise a
combination of glycidyl ethers with bile acids or salts, esters or amides
thereof, of glycidyl ethers with phosphorus compounds, of glycidyl ethers
20 with carboxylic acid esters of polyhydric alcohols, of glycidyl ethers with
o,B-unsaturated carboxylic acid esters, of glycidyl ethers with
cyclodextrins, or of glycidyl ethers with glycosides.
In another preferred embodiment of the present invention, the DMC
catalysts comprise complexing components which comprise a combination
25 of bile acids or salts, esters or amides thereof with phosphorus
compounds, of bile acids or salts, esters or amides thereof with carboxylic
acid esters of polyhydric alcohols, of bile acids or salts, esters or amides
thereof with a,B-unsaturated carboxylic acid esters, of bile acids or salts,
esters or amides thereof with cyclodextrins, of bile acids or salts, esters or
30 amides thereof with glycosides, or of bile acids or salts, esters or amides
thereof with glycidyl ethers.



derivative (Catalyst XXI): The same procedure as set forth in Exanple 1 was

used, excepLeyh351%@4ygstead of using pehyethylene glycol diacrylate and
2- phosphonopropionic acid triethyl ester, polypropylene glycol diglycidyl

ether (M- 640 g/nol) and cholic acid sodiumsalt were used as the
conpl exi ng conponents. Yield of dried, pulverulent catalyst: 6.6 g 25

El enental anal ysiThe [MOa¢4talys 6F the presdhitifventioh. drevypiéaliExaaRLed 22 30

Preparation of a DMC catal yst conprising a phosphorus conmpound and an

a, ~3- unsat umithealemgntal apalysisa dhermegrayinjetat on exdrackive rpmoval ef thess 180- US
-38 The sa | cept that

I nst ead of mégl ﬁgg’g@%frﬁ’?@ﬁ{e‘“ﬁé y%gpééglgéﬁw%\?gﬁzg%aﬁt%ﬁ&% onopr opi oni ¢
aci ddt ri eLhSﬂhﬁ(iBMéI catblystnetbfr'thbqiresemaﬂﬁ?rﬁtdmad béer;(staﬂllige,ﬁﬁrf%i) tri alcr yl ate
5 and 2-phosphongpropionic acid_ triethyl ester were ysed as the cgnpl exing
conponénts. © s@alhﬁ%pr am%BDO%Ffmqwﬁﬁﬁmwsatw@@mfy %'f‘%y%ﬁdl@y eI

anal ysi s: Q2 WM. 9% Zinc = 21.2 w. % Exanple 23 (Conparison)
Prepar at i og?%%gﬁﬁ\t@nbat al yst conprising carboxylic acid of polyhydric 15
al cohol (Cat al ystA peefeérréd DMG chialysb acodrding. t the pBelseht mvehdiorzi nc chl oride in

20 M distilled water S added to tion of 4 1 I tassi um
hexacyanocolS2MPASES FW%@FVW@PF%G?I%@FOWPPHGW g)cérlfﬁég&%w g (24, 000
rpm. | mredisgt &m reafter, a mxture of 50 g tert-butanol and 50 g
distilled water \A%%%ﬁmd to the suspension fornmed and the m xture was then

stirred vi gor ousIThe RM@oatalystpf ther pre@ent imvertion ist typically ptepargt ymer ol

tri t 1 t - but I d 10 I stil t t dded d
the i xtur o kg0t PR SRa6R prpctabial Brathrebbn e HiSeted BY RS  ca by
filtration, f3|5nl§|5l?p),aﬂiﬂ?_Btlﬁé’taFéYJrﬁdﬁiséIPrpréf@rdqwoﬁé hlgbréséi‘ltéﬁlﬂyﬁthéf 70 g

tert-butanol, 30 g distilled water and 1 g glycerol tricaproate and
filtered agziominulﬂﬁfh)illn the prasencs ofdanergasic caneelexing ligand bhwhielyis motf or 10

0ot £ 2 8 it dleehOBofyid AT SheP kel S SGBNE ncd pORREP 5.,
nor mal 1 9r es Polghydeie aresidl, lsife asid o saRLéster ot aide tHeré o tyclddéxttin,
phosphorus compound or an «o,p-unsaturated carboxylic acid ester, nor an
ionic surface or interface-active compound and in the presence of
complexing components c).
Preferably, the aqueous solution of the metal salt (for example,

20 zinc chloride, employed in stoichiometric excess (at least 50 mol%, based
on the metal cyanide salt)) and the metal cyanide salt (for example,
potassium hexacyanocobaltate) are first reacted in the presence of the
organic complexing ligand b) (for example, tert-butanol). A suspension
comprising the DMC compound a) (for example, zinc hexacyanocobaltate),

25 water, excess metal salt, and the organic complexing ligand b) is formed.

The organic complexing ligand b) is either present in the aqueous
solution of the metal salt and/or the metal cyanide salt, or is added directly to
the suspension after precipitation of the DMC compound a). Preferably, the
mixture of aqueous solution and organic complexing ligand b) is vigorously

30 stirred. The suspension formed is then treated with a mixture of the



Le A 35 180-US -39 El enental analysis, thernogravinetric analysis and

extraction: |@RAF180-US 3 W.% Zinc = 6.0 wt.% Tert-butanol = 7.2 wt.%
G ycerol tricaproate = 3.7 w.% 5 Exanple 24 (Conparison) Preparation of a

DMC cat al yst conprising a phosphor us conpound (Catalyst XXIV): The sane
procedure as set forth in Exanple 23 was used, except that 2 10

phosphonopr aingslesing othponeatsv)l Thetraixture of ueﬁmexmg @@dp@fﬁerﬁéww ol
tricaproate. Yield of dried, pulverulent catalyst 5. 9 | enent al
anal ysis, tHEefesapinvsadin A gD pEwates anderganic CoBp emhman 10.2 wt. %

Zinc = 23 5 w. % id
triethyl ester = Q?QMV?H@}R%XEJQ 2‘7“?3&?2{05 ari sons 98 qulpara | ng1| of a DMC
c g: a:c 3(; S : ) co rtag\(lsihuiqs @%b iaéydenﬁfggatidm@tf&ﬁ?tﬁint Xi’Ml) prefémedsenmbodlnmm«bﬂ re as

S r in Exa was \use ne

di gl ycidyl hearesenkinygniign 8ﬂ%@eﬁm§&%§m@ &?%Ehe%ﬁa@ gg t1snstead of
gl ycerol tr| I

El emrental analysis, ﬁhﬁé}? aﬂg‘?%& t)drﬂdcﬁé F%)S(Tbgegh ext actél(% enCo aI = 8.7
\C/iv_t :%; _Zijnlc =a|§IDtr®nwenGWedésaiattmtbgnﬂtrahorﬁoez\eﬂggﬁdgg?)PmeﬁprﬁbygI6ycol

i glycidy ) ) e

( Conpar i son)P PEH tér ﬁfﬁ"ﬁe é’oﬁﬁ' HlOy@F @WM%’PHS%H}@ (Cat al yst
XXVI): The sedpgly Bf@sf%ﬁhiﬁ QﬁemAcfcafawwnhFafamébu%%dlmmqﬁe except that

a 5 pol yester, y bra ched by trinet hyl ol propane, of adipic acid and
10 organic compexing ligand b).

The amount of organic complexing ligand b) in the aqueous wash
solution is preferably between 40 and 80 wt.%, based on the total weight of
aqueous wash solution. Preferably, a small amount of the complexing
components c), preferably 0.5 to 5 wt.%, based on the total weight of

15 aqueous wash solution, is added to the aqueous wash solution.

Preferably, the DMC catalyst is washed more than once. This can be
accomplished by repeating the aqueous wash solution procedure described
above. However, the use of a non-aqueous wash solution for further
washing operations is preferred. The non-aqueous wash solution comprises

20 a mixture of organic complexing ligand b) and complexing components c).

The washed catalyst is then dried, optionally after pulverization, at
temperatures of in general 20 - 100°C and under pressures of in general
0.1 mbar to 1,013 mbar.

The present invention also provides the use of the DMC catalysts

25 according to the invention in a process for the preparation of polyether-
polyols by polyaddition of alkylene oxides on to starter compounds
containing active hydrogen atoms.

Alkylene oxides preferably used in the present invention are ethylene
oxides, propylene oxides, butylene oxides and mixtures thereof. The build-

30 up of the polyether chains by alkoxylation can be accomplished by using
only one monomeric epoxide, or randomly or blockwise with 2 or 3 different
monomeric epoxides. Further details in this regard can be found in



di et hyl ene gl ycol of average nol ecul ar weight 2,300 (OH nunber = 50 ng
KOH g) was Used 35$8@uH of glycerol triczproate. Yield of dried,

pul verul ent catalyst: 3.9 g 10 El enental analysis, thernogravinetric

anal ysis and extraction: Cobalt = 12.2 wt.% Zinc = 25.7 w.% Tert-butanol
= 7.1 m.% Polyester = 12.3 wt.% 15 Exanple 27 (Conparison) Preparation
of a DMC cat Elimabn's @ngyclspadieaepiindstrglien dirémiet Vole ACa1993 9. 6XBN\tI ) : The
sanme procedure as set forth in Exanple 23 was used, except that 20 cholic
acid sodi um¥4-t was used instead of glycerol tricaproate. Yield of dried,
pul verul ent cat al {ORY I c anal ysis
and extraction: %f%trte{)é?@\paul §g&\?vthm% Zl r\]/}:éSH_y'ii%dé?‘Pé %\ﬁH HPaﬁr%ut anol =
10.9 w. % an@fereblgmsedsmmmm&sahtmvemmaneclzimpoundsmtkamrabelus -41

f h 5,50 | |
Ol yool 5t or rSrerbn e labr Bl n B 200 bRGI E st it "and 26 g
DVC cat al yst Eﬁéﬂale%muaﬁgﬁéﬁe@ GohipRuAGDHRS emglemlgrﬁsdmetngiehalgm@l be

prepared) were initially introduced into a ressuré reactor under an
i nert gas (aWigthyjenenglyoRlr &2rerapyena glyco!, ﬂo%b;,:tamdiob I'@txamethwen@r opyl ene

or essur o hacOyphisbRSadt X Tuelriimbng, oygiren BeBRBRenRL soritet ot or oa 1 n

agai n when agucess digradst stafdh amd Wakfsure in the reactor was observed.
Thi s accel erated drop in pressure indicated that the DMC catal yst was

activafl@d. The r efstanterromppindesnntainingactive bydipora atems whieh Bagd in
| .
of "t hepr opy PERE BreriE? BY OferteRRakal BRI adbwapdieldey Wik, (2 0f' 5°

hours at 105§tarteobampbancmmmhed\aboeedndtis an enlg@ﬁéncaalkeﬁﬂa(jdn ptmu):t and the
reaction mxture was, then cooled to roomtenperature. The resulting

pol yet her poWiBIasnylaber aveiage male Wgﬂteﬁf ﬁlzn%OQ@ Rrﬁf?r@b’r‘\@ﬁger s, the

doubl e- bond ] viscosities. The course of the reaction was

noni tored w ﬁ‘ﬁﬂ%ﬁﬂéierﬁ% :arr‘re/ conversi on curves (propyl ene oxide
consundbi on [ gJ vThegatytaddition| catalyaed by thé DMC wcdtatyst ohthe presaats det er m ned

fromthe point |nters ction of the ta nt at the st oint of the
el conver sIRTHoAAl S AR IeRROBEe ot le AR IBLREpoUT GMERDAARE The

propoxyl at i oy, aﬂdgéﬁ atd}%@ éﬁl@d%?éﬁé Yémp&atdrE Hefiddan 29&%29660“ ty,

correspond to"thé& period time between activation of e cataly (end of
t he inducti oprqjerabbdbeM@@ntMoe‘i&ﬂPGf moee prafergblyf, betwegmr Spid WCoxTh‘ﬁe The

total react] op, 4iHe e B Bhodh OVHIAIFbIRBA'S R6EPIAGAET 1 Te: 30

20 The polyaddition can be carried out in bulk or an inert organic solvent, such

as toluene and/or tetrahydrofuran ("THF"). The amount of solvent is usually
10 to 30 wt.%, based on the total weight of polyether polyol to be prepared.
The DMC catalyst concentration is chosen such that sufficient control
of the polyaddition reaction is possible under the given reaction conditions.
25 The catalyst concentration is typically in the range from 0.0005 wt.% to 1
wt.%, preferably, 0.001 wt.% to 0.1 wt.%, more preferably, 0.001 to
0.0025 wt.%, based on the total weight of polyether polyol to be prepared.
The number average molecular weight of the polyether polyol
prepared by the process of the present invention is in the range from 500 to
30 100,000 g/mol, preferably, 1,000 to 50,000 g/mol, more preferably, 2,000 to
20,000 g/mol.



Le A 35 180-US -42 Exanple 28 Preparation of a polyether polyol wth

Catal yst | (4Q038@@b-y8§ ! nduction tinme: 351 m nPropoxyl ation tine:27
m nTotal reaction tine: 278 m nPol yet her pol yol : OH nunber (nmg KOH g):

29. 2Doubl e- bond content (mmol/kg): 710Viscosity 25C (nPas): 871 Exanple 29

Preparation of a polyether polyol with Catalyst |1l (25 ppnm): 15 Induction
time: 126 m nPrOpcrmlmilyamlttunruarﬁﬁb oarmiédioat costintiously dridiscoblifusasiol yet her
pol yol : OH nunber g): 29.920Doubl e-bond content (mmuol/kg):

9Vi scosity %6 knnﬁPBQch CET’BSQ%‘HHNCB P3OCESS)-Pr epar ati on of a pol yet her pol yol
th Catal yst 52
m nTot al ar cht | or;det%?l%ggglg]ek%ﬁwyﬁﬁg?é%g?%w&g rrger ??%tglggv g):
33018%ubl42 blmlpirefsen% Tngntﬁcmméntl kg)Jsechi lsonzlmrtctgpﬂﬁéﬁbr@@@@)ppr?ﬁmgeds;a At 33
1 e reparation o ol yet her po alys
(200 pfim) - BoRRAQBNGAMGURL Of ReFOHErPRYBHBR RIEPafPd)) e RIRRRIRE! o
t t | yol th
Catal yot Vi ] PQGRfiafeq, ¥ FEGIBNE: fdly Bl SRRRrLA T e BRIt e PP rae 10
mn Total r&MCicatalystraxccodding ta tlneli)rasgntm\&mtlaﬂ theastep of iepnovirig thepol yet her
lyol with | yst M1 (,100 t ti 40 | at i
A L T T T R i
pol yet her paiitsglingtidprcalial olibrithe (dQRiRpBdIyRhgrduct i on i me: 165 mi n

Pr opox%/l ation ti reaction rre 175 mn
Kunststoffhandbuch, Vol. 7, Polyurethane, 3rd Ed. 1993, p. 25-32 and 57-67.

Examples

Catalyst preparation

15
Example 1
Preparation of a DMC catalyst comprising a phosphorus compound and an
o,B-unsaturated carboxylic acid ester (Catalyst I):

20 A solution of 12.5 g (91.5 mmol) zinc chloride in 20 ml distilled water was

added to a solution of 4 g (12 mmol) potassium hexacyanocobaltate in
70 ml distilled water with vigorous stirring (24,000 rpm). Immediately
thereafter, a mixture of 50 g tert-butanol and 50 g distilled water was
added to the suspension formed and the mixture was then stirred

25 vigorously (24,000 rpm) for 10 min. A mixture of 0.5 g polyethylene glycol
diacrylate (M, 575 g/mol) and 0.5 g 2-phosphonopropionic acid triethyl
ester, 1 g tert-butanol and 100 g distilled water was then added and the
mixture was stirred (1,000 rpm) for 3 min. The solid was isolated by
filtration, subsequently stirred (10,000 rpm) for 10 min with a mixture of

30 70 g tert-butanol, 30 g distilled water, 0.5 g glycerol tricaproate and 0.5 g
2-phosphonopropionic acid triethyl ester and filtered again. Finally, the



Le A 35 180-US -44 Exanple 35 Preparation of a polyether polyol wth

Catal yst | XpelQ85p@0ys5 | nduction timepgl00 min Propoxylation time: 10 mn
Total reaction trne: 110 min 10 Exanple 36 Preparation of a polyether
polyol with Catalyst X (100 ppm: Induction time: 150 m n 15 Propoxyl ation
time: 10 mn Total reaction tinme: 160 m n Exanple 37 20 Preparation of a

pol yet her pabliewasi stireGa{18,000 rpwh) 43410 ferot) mih dihcd xtuté 08100 §3erts n

Propoxylation tinme: 10 mn Total reaction tinme: 165 mn 25 anm_ne 38
Pr epar at i on byfanel 6 epelyethylaneglycplidiactylaie 2@0 5%5 IQ/'(“J‘?B@%&E:Q 30 | nduction

time: 320 m ' LR, L. T . i Ik YE m n Le A
35 180- US - E&“Eéﬁém'j?Pe""@@"gr]%%'gﬁﬁ?ﬁhg'n&&?“aﬂﬁ?ﬁ f>'/'Eert§ﬂ‘?a'tr' tﬁ%@f?ﬁ“"“ﬁ& wEs o) yst
X1l (25 pprdried®olcodstant weightrad 5006 undePnopualprassome.ti ne: 43 mi nTot al

reacti tige: 14 ) nPol yet her | yol : nunber (nmg KOH g):

29. 310Dbubl «?‘%‘érﬁ‘ﬁ] eH e(‘ﬂﬁﬁﬁ&%&@%’?*-@%gcosity 25C (mPas): 835 Exanal e 40
15 Preparation of a polyether polyol with Catalyst XIV (100 ppm: Induction

time: 205 min Propoxylation tine: 5 mn Total reaction tinme: 210 mn 20
Exanpl e 41 Mrlepwntaliamalysis:a pol yet her polyol with Catal yst XV (100 ppm:

Cobalt = 10.9 wt.%; Zinc = 24.9 wt.%.

10 Example 2
Preparation of a DMC catalyst comprising a phosphorus compound and a
cyclodextrin (Catalyst II):

The same procedure as set forth in Example 1 was used, except that

15 instead of using polyethylene glycol diacrylate and 2-phosphonopropionic
acid triethyl ester, 2,6-dimethyl-B-cyclodextrin (BETA W 7 M 1.8, available
from Wacker-Chemie GmbH, D-81737 Munich) and 2-phosphonopropionic
acid triethyl ester were used as the complexing components.

20 Yield of dried, pulverulent catalyst: 4.8 g

Elemental analysis:
Cobalt = 10.7 wt.%; Zinc = 24.3 wt.%.

25 Example 3
Preparation of a DMC catalyst comprising a phosphorus compound and a
polyester (Catalyst Il1):

The same procedure as set forth in Example 1 was used, except that
30 instead of using polyethylene glycol diacrylate and 2-phosphonopropionic
acid triethyl ester, poly(2-methyl-1,3-propylene glutarate) (M, 1,020) and 2-



25 Induction time: 320 m n Propoxylation tinme: 10 mn Total reaction tine:
330 mn Leen 351430-U§ - 46 Exanpl e 42 Boeparation of a pol yether polyol
with Catal ySt XVI (25 ppn): 5 Induction tinme: 160 m nPropoxyl ation tine: 43
m nTotal reaction tinme:203 m nPol yether polyol: OH nunber (ng KCHI g):

29. 5Doubl e- bond content (nmmol/kg): 810Viscosity 25C (nPas): 842 Exanpl e 43
Pr epar at i on phbsphgrdprepionic acittoethyl ¢dteCaveed used Ayithe coopleimg : 15

I nduction tinme: 265 mn Propoxylation time: 5 mn Total reaction tine: 270
min Exanpl e C@MPRREBI®par ati on of a pol yether polyol with Catalyst XVIII
(100 ppm: Induction tinme: 250 mn Propoxylation tine: 5 mn 25 Total
reaction tinme: 255 mn Exanple 45 Preparation of a polyether polyol wth
Cat al yst Xl Xiéltosf drimd) puR@ruleducatalyst:di.4g: 105 min Propoxylation time: 10
mn A 35 180-US -47 Total reaction tinme: 115 mn Exanple 46 5
Preparation of a polyether polyol wth Catalyst XX (100 ppm: I|nduction
time: 265 mg)eficplsarafsin time: S mn Total reaction time: 270 mn 10
Exanpl e 47 Preparation of a polyether polyol with Catalyst XXl (100 ppm:
15 | nduct i orCobatke= 913 @t.HZipe #ivdt%on time: 5 nmin Total reaction time:
140 m n Exanpl e 48

Example 4

10 Preparation of a DMC catalyst comprising a phosphorus compound and a
glycoside (Catalyst IV):

The same procedure as set forth in Example 1 was used, except that
instead of using polyethylene glycol diacrylate and 2-phosphonopropionic

15 acid triethyl ester, an alkyl polyglycoside (GLUCOPON?® 650 EC, available
from Henkel KG aA, D-40589 Disseldorf) and 2-phosphonopropionic acid
triethyl ester were used as the complexing components.

Yield of dried, pulverulent catalyst: 4.3 g

20 Elemental analysis:
Cobalt = 11.2 wt.%; Zinc = 25.2 wt.%.

Example 5
Preparation of a DMC catalyst comprising a phosphorus compound and a
25 bile acid derivative (Catalyst V):

The same procedure as set forth in Example 1 was used, except that

instead of using polyethylene glycol diacrylate and 2-phosphonopropionic

acid triethyl ester, cholic acid sodium salt and 2-phosphonopropionic acid
30 triethyl ester were used as the complexing components.

Yield of dried, pulverulent catalyst: 5.7 g



20 Preparation of a polyether polyol with Catalyst XXIl (100 ppm:
I nduction tiLﬁAé‘@’f%mUS Propoxylation tigg: 10 min 25 Total reaction tine:

145 m n Exanple arison) Preparation of a polyether polyol with
Catalyst XXII1 (100 ppm): 30 Induction tinme: 133 m n Propoxylation tinme: 50
mn Le A 35 180-US -48 Total reaction tine: 183 m n Pol yether polyol: OH
nunber (nmg KOHI g): 30.0 Doubl e-bond content (nmol/kg): 6 Viscosity 25C
(mPas): 845 5 Exanpl e 50 (Conparison) Preparation of a polyether polyol
with Catal yskElepantal@malysisy . 10 I nduction time: 99 mi nPropoxyl ation tine: 110
m nTotal re o =t 4 4B A Q9. H#inR0 pol yol : OH nunber (ng KOH g):

29. 915Doubl 2@%%%'3 c1or1 gﬁtgtznz!r@l /é%j?’t‘p%\n scosity 25C (nPas): 862 Exanple 51
(Conparison) 20 Preparation of a polyether polyol with Catal yst XXV (25

ppm : I pduction tine: 154 m nPropoxylation tine:37 mnTotal reaction
time: 192 m nﬁsmﬂl_é& her Pol yol : OH nunmber (nmy KOH g): 30. 7Doubl e- bond

content (mopy, étic?ﬁfbﬁg‘tﬁ@lby%a%él?st(‘fﬂjﬁ ﬁéin&%&arb{v%iﬁt%%'r% -49 BExanple

52 (Conpari son reparation ot a’polyether yo tal yst XXVI (25
ppm : 5 | ndupdlyhpdri¢ aleohdDamd aRqpunghturated darbexylisGoid eseral reacti on
time: 280 m nPol yet her pol yol : OH nunber (nmg KOH g): 29. 5Doubl e-bond cont ent
(nmol / kg) : SQWB/@SW)W 25C (nmPas): 861 Exanple 53 f Conpari son)
Preparation of a polyether polyol with Catalyst XXVIlI (25 ppm: 15

I nduction tinme:217 m nPropoxylation tine:33 mnTotal reaction tinme:250

m nPol W6t her Thelspate fidceduteas setfadbHhdxan2sle 6208 uksked; dxoept thatt ent

(mmol 7kg): GMS é:é)cf 5* \)J/si%QS %ogyﬁﬁﬁgﬁe %R/%ol diacrylate and 2-phosphonopropionic
acid triethyl ester, polyethylene glycol sorbitan monooleate (DISPONIL®
SMO 120, available from Henkel KG aA, 40589 Diisseldorf) and
polyethylene glycol diacrylate (M, 575 g/mol) were used as the complexing

15 components.
Yield of dried, pulverulent catalyst: 5.2 g

Elemental analysis:
20 Cobalt = 9.6 wt.%; Zinc = 21.9 wt.%.

Example 7
Preparation of a DMC catalyst comprising a carboxylic acid ester of
polyhydric alcohol and a cyclodextrin (Catalyst VII):
25
The same procedure as set forth in Example 1 was used, except that
instead of using polyethylene glycol diacrylate and 2-phosphonopropionic
acid triethyl ester, polyethylene glycol sorbitan monooleate (DISPONIL®
SMO 120) and 2,6-dimethyl-p-cyclodextrin (BETA W 7 M 1.8) were used
30 as the complexing components.



Le A 35180-US -50 WHAT IS CLAIMED I S: 1. A double-nmetal cyanide catal yst
conpri si ng: L@A%1&§}S one doubl e- net alyjcyani de conpound; 5 b) at |east
one organi c conplex Iigand which is not a pol yet her, a polyester, a

pol ycar bonat e, a pol yal kyl ene glycol sorbitan ester, a polyal kyl ene gl ycol
glycidyl ether, a polyacrylamde, a poly(acrylanide-co-acrylic acid), a
pol yacryl i C\ﬁélddofcme'tﬁ pRtler(lent yatalystc.@gco-mal efic acid), a

pol yacrylonitrile, a ponaIkyI acryl ate, a polyal kyl nmethacrylate, a

pol yvinyl methyl ether, a polyvinyl ethyl ether, a polyvinyl acetate, a

I | al
Bgl g\(“N%l n;‘l%lgﬁ?-:lqtalga Zys)l's Nh%f}rﬂ ér%’é%&#&:%%@ﬁ)soﬁaar\\/q ﬁxﬁra(it? et hyl ketone, a
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gl ycosi de, £&h lic 20 acid ester of polyhydric alcohol, a bile acid or
bile acid smm acid ester, a bile acid anm de, a cyclodextrin, a

pho;sphor us cIBl{épa;nﬁbn M*?Emmkdyﬂrmlwag bm:aﬁbc:wliag@c?if wtee:)f or ?n ionic
surface or interface-actiyve wo different conpl exing
conmponent s, MXW‘%%F@Q?'@&%EEB’ Eﬁr (&ﬁgﬂﬁéﬁéght ly conprising a pol yet her,
a polyester a pol ycarbonate, a polyal kyl ene glycol sorbitan ester, a

pol yal kyl ene gl ycol glycidyl ether, a polyacrylam de, a 30
pol y(at@yl anThl@sameapmy.edureaas sk}tfoethprmlEyammaé ovasused, @xeepytratrylic
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pol y-N-vinyl pyrrolidone, pol y(N-vi nyl pyrrol i'done-co-acrylic acid), a

pol yvinyl 5 glutafgte)KMndn@ZO)an yged a8 the eonoplexing compongntsr yi i c

aci d-co-styrene)) an oxazoline polyner, a polyal kyleneimne, a malefic acid
copol ymer, a mal efic anhydride copolymer, a hydroxyethylcellul ose, a

pol yacesal , Yiehd wEdeed, MIV@UIerﬂcgt %gpss',geg a carboxylic 10 acid ester of
pol yhydric al cohol, a bile acid or |l e acid salt, a bile acid ester, a

bile acid am de, a cyclodextrin, a phosphorus corrpound an a, ~i unsat ur at ed
carboxylic a oan ioni c surface or interface-active conpound. 15
2. The doubl gle?rne tF’Pé%'ﬂ.g'a'e catal yst according to Caim1l, further

conpri si ng wabbaltantd.dwitdendiner= 28/8Wet.%.met al salt. 3. The doubl e- net al
cyani de catal yst according to Caim1l, wherein the doubl e-netal cyanide
conpound i s zinc hexacyanocobaltate (l111). 20 4. The doubl e-nmetal cyanide

catal ysh accpidhifflelg> C aim 1, wherein

Preparation of a DMC catalyst comprising a carboxylic acid ester of
polyhydric alcohol and a glycoside (Catalyst IX):

25 The same procedure as set forth in Example 1 was used, except that
instead of using polyethylene glycol diacrylate and 2-phosphonopropionic
acid triethyl ester, glycerol tricaproate and an alkyl polyglycoside
(GLUCOPON® 650 EC) were used as the complexing components.

30 Yield of dried, pulverulent catalyst: 3.8 g



the organic conplex ligand is an al cohol, al dehyde, keytone, ether, ester,
am de, ureapgm 85iqigp.ysgul fide and/or a ghxture thereof. 5. The doubl e-net al
cyani de catal'yst according to Caim1l, wherein the organic conplex |igand
is tert.-butanol. 25 6. The doubl e-nmetal cyani de catal yst according to
Caim1l, wherein the doubl e-netal cyanide catal yst contains up to about 80
Ww. % baSGEI@ﬁehi&GahQItyéis wei ght of the doubl e-netal cyani de cat al yst, of a
m xt ure of the corrgl exi n‘g)' conmponent s J 30 7. A process for preparing a
doubl e- met al® ¥NC adof WAy to Claim 1, conprising the steps
of : Le A 35 180- US -52 (a) reacting, in aqueous solution, (i) at |east
one netal salt, (ii) with at |east one netal cyanide salt, in the presence
of (iii) anBbxapapleci@Conpl ex |igand, which is not a pol yester a

ol ycarbona ol yal 5 sorbitan ester, ol yal kyl ene
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phosphorus conmpound, an a,~i unsaturated carboxylic acid ester, or an ionic
surface or interface-active conpound; and (b) treating the suspension with
two di ff er enfieldofsiried, pylvesHpohestalypt St B conpl exi ng conponent 25
i ndependently conprising a polyether, a polyester, a polycarbonate, a
pol yal kyl ene glycol sorbitan ester, a polyal kylene glycol glycidyl ether, a
pol yacts/| ammememtmdnya()mg yI am de-co-acrylic acid), a polyacrylic acid, a
pol y(acrylic_acid-co-mal Clqé olyacrylonitrile, a 30 polyalkyl
acrylate, a %tl’%JhFINF' Wét/ha@'ﬂ?FaR 9"‘& gol yvinyl nethyl ether, a polyvinyl
et hyl ether, a polyvinyl Le A 35 180-US -53

Example 11

Preparation of a DMC catalyst comprising a carboxylic acid ester of

20 polyhydric alcohol and a bile acid derivative (Catalyst Xl):

The same procedure as set forth in Example 1 was used, except that

instead of using polyethylene glycol diacrylate and 2-phosphonopropionic

acid triethyl ester, glycerol tricaproate and cholic acid sodium salt were
25 used as the complexing components.

Yield of dried, pulverulent catalyst: 4.5 g

Elemental analysis:
30 Cobalt = 13.0 wt.%; Zinc = 30.0 wt.%.



acetate, a polyvinyl alcohol, a poly-Nvinylpyrrolidone, a

pol y(N-vi nyl|pyAra3s 48ouuss co-acryli c aci d)3s.a pol yvinyl nmethyl ketone, a
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a 5 polyal kyl eneim ne, a nalefic acid copolyner, a malefic anhydride

copol ymer, a hydroxyethylcellul ose) a polyacetal, a glycidyl ether, a

gl ycosi de, a carboxylic acid ester of polyhydric alcohol, a bile acid or
bile acid salt, a bile acid ester, a bile acid am de, a 10 cycl odextrin, a
phosphor us an a,p unsaturated carboxylic acid ester, or an ionic

f i face- i , j i 7,
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i solated catalyst. 9. A process for the production of a pol yether polyol by
t he pol §addi tion of an al kyl ene oxide onto a starter conpound contai ni ng
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15 Cobalt = 10.5 wt.%; Zinc = 23.5 wt.%.

Example 13
Preparation of a DMC catalyst comprising an a,-unsaturated carboxylic

acid ester and a polyester (Catalyst XII):

20
The same procedure as set forth in Example 1 was used, except that
instead of using polyethylene glycol diacrylate and 2-phosphonopropionic
acid triethyl ester, polyethylene glycol diacrylate (M, 575 g/mol) and
poly(2-methyl-1,3-propylene glutarate) (M, 1,020) were used as the

25 complexing components.

Yield of dried, pulverulent catalyst: 5.6 g

Elemental analysis:
30 Cobailt = 11.3 wt.%,; Zinc = 25.6 wt.%.
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complexing components.

25
Yield of dried, pulverulent catalyst: 5.3 g

Elemental analysis:
Cobalt = 8.4 wt.%; Zinc = 20.4 wt.%.
30
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Ul c”a] ca] ca] gzl Grlsiig paletyieid giytbicdiaéytd ahd ®-pMEstthonopropionic
acid triethyl ester, polyethylene glycol diacrylate (M,, 575 g/mol) and cholic
acid sodium salt were used as the complexing components.

10 Yield of dried, pulverulent catalyst: 5.6 g

Elemental analysis:
Cobalt = 11.5 wt.%; Zinc = 26.4 wt.%.

15 Example 17
Preparation of a DMC catalyst comprising a cyclodextrin and a glycidyl
ether (Catalyst XVIl):

The same procedure as set forth in Example 1 was used, except that

20 instead of using polyethylene glycol diacrylate and 2-phosphonopropionic
acid triethyl ester, polypropylene glycol diglycidyl ether (M, 640 g/mol) and
2,6-dimethyl-B-cyclodextrin (BETAW 7 M 1.8) were used as the
complexing components.

25 Yield of dried, pulverulent catalyst: 5.1 g

Elemental analysis:
Cobalt = 9.4 wt.%; Zinc = 22.4 wt.%.
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5 The same procedure as set forth in Example 1 was used, except that
instead of using polyethylene glycol diacrylate and 2-phosphonopropionic
acid triethyl ester, 2,6-dimethyl-p-cyclodextrin (BETAW 7 M 1.8) and

cholic acid sodium salt were used as the complexing components.
10 Yield of dried, pulverulent catalyst: 4.3 g

Elemental analysis:
Cobalt = 11.4 wt.%; Zinc = 26.7 wt.%.

15 Example 19
Preparation of a DMC catalyst comprising a glycoside and a glycidyl ether
(Catalyst XIX):

The same procedure as set forth in Example 1 was used, except that

20 instead of using polyethylene glycol diacrylate and 2-phosphonopropionic
acid triethyl ester, an alkyl polyglycoside (GLUCOPON® 650 EC) and
polypropylene glycol diglycidyl ether (M, 640 g/mol) were used as the

complexing components.

25 Yield of dried, pulverulent catalyst: 6.3 g

Elemental analysis:
Cobalt = 10.0 wt.%; Zinc = 22.6 wt.%.
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10 Yield of rled pulverulent catalyst: 4.4 g

Elemental analysis:
Cobalt = 11.6 wt.%; Zinc = 27.8 wt.%.

15 Example 21
Preparation of a DMC catalyst comprising a glycidyl ether and a bile acid
derivative (Catalyst XXI):

The same procedure as set forth in Example 1 was used, except that

20 instead of using polyethylene glycol diacrylate and 2-phosphonopropionic
acid triethyl ester, polypropylene glycol diglycidyl ether (M, 640 g/mol) and
cholic acid sodium salt were used as the complexing components.

Yield of dried, pulverulent catalyst: 6.6 g

25
Elemental analysis:
Cobalt = 9.0 wt.%; Zinc = 21.4 wt.%.
Example 22
30 Preparation of a DMC catalyst comprising a phosphorus compound and an

a,p-unsaturated carboxylic acid ester (Catalyst XXII):
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acid triethyl ester, trimethylolpropane ethoxylate (14/3 EO/OH) triacrylate
5 and 2-phosphonopropionic acid triethyl ester were used as the complexing
components.

Yield of dried, pulverulent catalyst: 6.3 g

10 Elemental analysis:
Cobailt = 9.2 wt.%; Zinc = 21.2 wt.%.

Example 23 (Comparison)
Preparation of a DMC catalyst comprising carboxylic acid of polyhydric
16 alcohol (Catalyst XXIII):

A solution of 12.5 g (91.5 mmol) zinc chloride in 20 ml distilled water was
added to a solution of 4 g (12 mmol) potassium hexacyanocobaltate in
75 mi distilled water with vigorous stirring (24,000 rpm). Immediately

20 thereafter, a mixture of 50 g tert-butanol and 50 g distilled water was
added to the suspension formed and the mixture was then stirred
vigorously (24,000 rpm) for 10 min. A mixture of 1 g glycerol tricaproate,
1 g tert-butanol and 100 g distilled water was then added and the mixture
was stirred (10,000 rpm) for 3 min. The solid was isolated by filtration,

25 subsequently stirred for 10 min with a mixture of 70 g tert-butanol, 30 g
distilled water and 1 g glycerol tricaproate and filtered again. Finally, the
solid was stirred (10,000 rpm) again for 10 min with a mixture of 100 g tert-
butanol and 0.5 g glycerol tricaproate. After filtration, the catalyst was
dried to constant weight at 50°C under normal pressure.

30

Yield of dried, pulverulent catalyst: 5.3 g
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phosphonopropionic acid triethyl ester was used instead of glycerol
tricaproate.

Yield of dried, pulverulent catalyst: 5.9 ¢

15 Elemental analysis, thermogravimetric analysis and extraction:
Cobalt = 10.2 wt.%; Zinc = 23.5 wt.%,; Tert-butanol = 2.3 wt.%, 2-
phosphonopropionic acid triethyl ester = 26.1 wt.%.

Example 25 (Comparison)
20 Preparation of a DMC catalyst comprising glycidyl ether (catalyst XXV):

The same procedure as set forth in Example 23 was used, except that
polypropylene glycol diglycidyl ether having an average molecular weight
640 was used instead of glycerol tricaproate.

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.%;
30 Polypropylene glycol diglycidyl ether ligand = 30.5 wt.%.
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Yield of dried, pulverulent catalyst: 3.9 g
10
Elemental analysis, thermogravimetric analysis and extraction:

Cobalt = 12.2 wt.%; Zinc = 25.7 wt.%; Tert-butanol = 7.1 wt.%; Polyester =
12.3 wt.%.

15 Example 27 (Comparison)

Preparation of a DMC catalyst comprising a bile acid derivative
(Catalyst XXVII):

The same procedure as set forth in Example 23 was used, except that

20 cholic acid sodium salt was used instead of glycerol tricaproate.

Yield of dried, pulverulent catalyst: 4.2 g

Elemental analysis, thermogravimetric analysis and extraction:
25 Cobalt = 12.6 wt.%; Zinc = 27.3 wt.%; Tert-butanol = 10.9 wt.%; Cholic
acid sodium sait = 4.3 wt.%.
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polyether polyol to be prepared) were initially introduced into a 500 m|
pressure reactor under an inert gas (argon) and were heated up to 105°C,
while stirring. Propylene oxide (approx. 5g) was then metered in all at

10 once, until the overall pressure had risen to 2.5 bar. Further propylene
oxide was only metered in again when an accelerated drop in pressure in
the reactor was observed. This accelerated drop in pressure indicated
that the DMC catalyst was activated. The remaining propylene oxide
(145 g) was then metered in continuously under a constant overall

15 pressure of 2.5 bar. When metering of the propylene oxide was completed
and after an after-reaction time of 2 hours at 105°C, volatile contents were
distilled off at 90°C (1 mbar) and the reaction mixture was then cooled to
room temperature.

The resulting polyether polyols were characterized by determining
20 the OH numbers, the double-bond contents and the viscosities.
The course of the reaction was monitored with the aid of

time/conversion curves (propylene oxide consumption [g] v. reaction time
[min]). The induction time was determined from the point of intersection of
the tangent at the steepest point of the time/conversion curve with the

25 extended base line of the curve. The propoxylation times, which are
decisive for the catalyst activity, correspond to the period of time between
activation of the catalyst (end of the induction period) and the end of
metering of the propylene oxide. The total reaction time was the sum of
the induction and propoxylation time.

30
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Propoxylation time: 27 min

Total reaction time: 278 min

Polyether polyol:  OH number (mg KOH/g): 29.2
Double- bond content (mmol/kg): 7
Viscosity 25°C (mPas): 871

Example 29

Preparation of a polyether polyol with Catalyst Il (25 ppm):

Induction time: 126 min

Propoxylation time: 50 min

Total reaction time: 176 min

Polyether polyol:  OH number (mg KOH/g): 29.9
Double-bond content (mmol/kg): 9
Viscosity 25°C (mPas): 878

Example 30

P00 P I 40 o
& ()-" ! Hy! 1000JUUU& () - ! Hy! 109JU& ()-"!9S! 10%& () -

"10983& () - YZX6P1

R4567Kr S1

Preparation of a polyether polyol with Catalyst IV (25 ppm):

Induction time: 163 min

Propoxylation time: 52 min

Total reaction time: 215 min

Polyether polyol: ~ OH number (mg KOH/g): 30.1
Double-bond content (mmol/kg): 7
Viscosity 25°C (mPas): 821
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5
Induction time: 165 min
Propoxylation time: 10 min

Total reaction time: 175 min

10 Example 32
Preparation of a polyether polyol with Catalyst VI (100 ppm):
Induction time: 160 min

15 Propoxylation time: 10 min
Total reaction time: 170 min

Example 33
20 Preparation of a polyether polyol with Catalyst VII (100 ppm):
Induction time: 240 min

Propoxylation time: 5 min
Total reaction time: 245 min

25

Example 34

Preparation of a polyether polyol with Catalyst VIIlI (100 ppm):
30 Induction time: 165 min

Propoxylation time: 10 min
Total reaction time: 175 min
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Induction time: 100 min
Propoxylation time: 10 min
Total reaction time: 110 min

10 Example 36
Preparation of a polyether polyol with Catalyst X (100 ppm):
Induction time: 150 min

15 Propoxylation time: 10 min
Total reaction time: 160 min

Example 37
20 Preparation of a polyether polyol with Catalyst XI (100 ppm):
Induction time: 155 min

Propoxylation time: 10 min
Total reaction time: 165 min

25

Example 38

Preparation of a polyether polyol with Catalyst XlI (100 ppm):
30 Induction time: 320 min

Propoxylation time: 5 min
Total reaction time: 325 min
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Preparation of a polyether polyol with Catalyst Xlll (25 ppm):

Induction time: 106 min
Propoxylation time: 43 min
Total reaction time: 149 min
Polyether polyol:  OH number (mg KOH/g): 29.3
10 Double-bond content (mmol/kg): 6
Viscosity 25°C (mPas):. 835

Example 40
15 Preparation of a polyether polyol with Catalyst XIV (100 ppm):
Induction time: 205 min

Propoxylation time: 5 min
Total reaction time: 210 min

20

Example 41

Preparation of a polyether polyol with Catalyst XV (100 ppm):
25 Induction time: 320 min

Propoxylation time: 10 min
Total reaction time: 330 min
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Propoxylation time: 43 min
Total reaction time: 203 min
Polyether polyol:  OH number (mg KOH/g). 29.5
Double-bond content (mmol/kg): 8
10 Viscosity 25°C (mPas): 842
Example 43

Preparation of a polyether polyol with Catalyst XVIi (100 ppm):

15 Induction time: 265 min
Propoxylation time: 5 min
Total reaction time: 270 min

Example 44
20

Preparation of a polyether polyol with Catalyst XVIlI (100 ppm):

Induction time: 250 min
Propoxylation time: 5 min
25 Total reaction time: 255 min

Example 45

Preparation of a polyether polyol with Catalyst XIX (100 ppm):
30

Induction time: 105 min
Propoxylation time: 10 min
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5 Preparation of a polyether polyol with Catalyst XX (100 ppm):

Induction time: 265 min
Propoxylation time: 5 min
Total reaction time: 270 min

10

Example 47

Preparation of a polyether polyol with Catalyst XXi (100 ppm):
15 Induction time: 135 min

Propoxylation time: 5 min

Total reaction time: 140 min

Example 48
20

Preparation of a polyether polyol with Catalyst XXII (100 ppm):
Induction time: 135 min
Propoxylation time: 10 min

25 Total reaction time: 145 min

Example 49 (Comparison)

Preparation of a polyether polyol with Catalyst XXIil (100 ppm):
30

Induction time: 133 min
Propoxylation time: 50 min



10/, y10%Z& ()-, @ 109@Z& () - S109@Z& ()- @0%& ()- 109%Z& ()- &10%Z& () - pdEmbC

10/ @10%2&' (s SBEARRY-(ls @O0%Z& () -, Y10%&4%.- () - s! 1092&' () -
ITdeEmdC.

1092& ()-'e

10/ f Y+S109@& () -f)s109&Z& () - S3(109&Z& () - $109@& () - SSH109Z& () - @ @O0%Z& () -

"xnbC 10/ S@O% ()- 10Z 10Z
10Z, 510%Z&fCWﬁaB@%@ﬂ&WMﬁi%fﬂﬂﬂﬂmi&.()--10%2& ()-"-a?mbC

101G 100 () €10 (). 11 SO 100 () 102 S810%& () - GS&10%: () - G EaBnbC
10/ 1 y&! 109 RYlvethe &pqz@%()&:mrﬁ @%/ﬁgc{ () ()-GEa

10310%&' () -y! [ 310% () - y010%

109& () - Ff* 10%& () - U\/\/\ka %gzdm%@ht((}nm@@é) 10 10

Y-v/ xdE~ @

10/1 y3g10%& () - yMLOY&' () - SIi8e@sity 25°C/Pask s2 184 () - 10%! ()- @IE-_@
10/ 1 @OY& ()- S10%& ()-L' 10%& ()- 10%& ()-yl 109% ()- @0% ()-)o\ dE~ @
10/ 1. 10%& ()-y9- 109& ()- &s109& ()-f %AL0%& ()-!S10%& ()- @ 109%& () - bC

10/ ! S@LOY% () - @ALOYE () -

10 10 10@ 109 ()- 3&L0%& () - 2109%& () - Of B{ dEbC

10/ 1 y109%&' ()-y109%&' ()-f @O%&' ()-10%& ()-fs109%& ()-f10%& ()- {9PdEbC 10/!
Examphy 504 ompaxisen)

10%& () - @O%EX

)- 10%& () - @O0%& () - P-1 dEbC

Preparation of a polyether polyol with Catalyst XXIV (25 ppm):

10

Induction time:

99 min

Propoxylation time: 110 min

Total reaction time: 209 min

Polyether polyol:

15

OH number (mg KOH/g): 29.9
Double-bond content (mmol/kg): 10
Viscosity 25°C (mPas): 862

Example 51 (Comparison)

20 Preparation of a polyether polyol with Catalyst XXV (25 ppm):

Induction time:

154 min

Propoxylation time: 37 min

Total reaction time: 191 min

25 Polyether Polyol:

OH number (mg KOH/g): 30.7
Double-bond content (mmol/kg): 7
Viscosity 25°C (mPas). 809
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Polyether polyol:  OH number (mg KOH/g): 29.5
Double-bond content (mmol/kg): 5
10 Viscosity 25°C (mPas): 861

Example 53 (Comparison)

Preparation of a polyether polyol with Catalyst XXVII (25 ppm):
15

Induction time: 217 min

Propoxylation time: 33 min

Total reaction time: 250 min

Polyether polyol:  OH number (mg KOH/g): 29.6
20 Double-bond content (mmol/kg): 6

Viscosity 25°C (mPas): 855
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PHF+10% & () A double-metal cyanide catalyst comprising:

a) at least one double-metal cyanide compound;

5 b) at least one organic complex ligand which is not a
polyether, a polyester, a polycarbonate, a
polyalkylene glycol sorbitan ester, a polyalkylene
glycol glycidyl ether, a polyacrylamide, a
poly(acrylamide-co-acrylic acid), a polyacrylic acid, a

10 poly(acrylic acid-co-maleic acid), a polyacrylonitrile, a
polyalkyl acrylate, a polyalkyl methacrylate, a polyvinyl
methyl ether, a polyvinyl ethyl ether, a polyvinyl
acetate, a polyvinyl alcohol, a poly-N-vinylpyrrolidone,
a poly(N-vinylpyrrolidone-co-acrylic acid), a polyvinyl

15 methyl ketone, a poly(4-vinylphenol), a poly(acrylic
acid-co-styrene), an oxazoline polymer, a
polyalkyleneimine, a maleic acid copolymer, a maleic
anhydride copolymer, a hydroxyethylcellulose, a
polyacetal, a glycidyl ether, a glycoside, a carboxylic

20 acid ester of polyhydric alcohol, a bile acid or bile acid
salt, a bile acid ester, a bile acid amide, a
cyclodextrin, a phosphorus compound, an a,B-
unsaturated carboxylic acid ester, or an ionic surface
or interface-active compound; and

25 c) two different complexing components, each
complexing component independently comprising a
polyether, a polyester, a polycarbonate, a
polyalkylene glycol sorbitan ester, a polyalkylene
glycol glycidyl ether, a polyacrylamide, a

30 poly(acrylamide-co-acrylic acid), a polyacrylic acid, a
poly(acrylic acid-co-maleic acid), a polyacrylonitrile, a
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or interface-active compound.

15 2. The double-metal cyanide catalyst according to Claim 1, further
comprising water and/or a water-soluble metal salt.

3. The double-metal cyanide catalyst according to Claim 1, wherein
the double-metal cyanide compound is zinc hexacyanocobaltate
(.

20 4. The double-metal cyanide catalyst according to Claim 1, wherein
the organic complex ligand is an alcohol, aldehyde, keytone, ether,
ester, amide, urea, nitrile, sulfide and/or a mixture thereof.

5. The double-metal cyanide catalyst according to Claim 1, wherein
the organic complex ligand is tert.-butanol.

25 6. The double-metal cyanide catalyst according to Claim 1, wherein
the double-metal cyanide catalyst contains up to about 80 wt. %,
based on the total weight of the double-metal cyanide catalyst, of a
mixture of the complexing components c)

30 7. A process for preparing a double-metal cyanide catalyst according
to Claim 1, comprising the steps of:



109& ()- , 109 ()-xghij|[NA410101010 ;y4' 109 ()- 1F109% ()- . @O% ()-
f, 109& ()- WP%H (80-US|\ <NA41010, S10%862-) -, SI0%& ()- yl0%' ()- @ 10%&' () -

S109%& () -
@O%& ()-xX@1010pS, S10%& () -, S10%& () - pS, S10%& () -, S10%& () pS/ JKNopgpX<41
010 S10% () - pS, S10% () -, S10%& () - pS, S10%& () -, SIO%& () - g*] | <41010, S10% f

109& ()- ,109& ()- S@0%& (8)FesTovasin pqwe i sokation,-()-a¢ast oneometal

09& 10W&10WI10W \ @ 1 109 ()-( :
glc W’(\)~fJ*@Slo%&' ()- @@31%\@“’%5 é%%ﬁﬁ"‘%}“%fé‘%%‘%{% ?g'} '@ﬁ%%& ()f) (
S@o%& ()-~ _t | } presence of&)an anlc comflex Ilgand WhICh is
XX@@ SL0%XS@ S10%&! () - @ SLOYE: ()~ XS1@ 1098

pPX=@ S10%@ S10%&' () - XS@ S10net @ pOl@smp@pp}ycavtS@e@m/&O

W@mmm
oS () @ @ova ()1 - Soepgl phidh bl B B! 'y%ﬁe‘@é%‘é&(
%ﬁégﬁ(ﬁ/&(%) @%2%082&%(?\/& ( o8 rdee a ¢ o nide=co-acr Tlciaékﬁ,bd\lox @
V&' () - 1OX10Xz#} ###$$S$' $| [ Aﬂ!eb(a@gl @oid, mv ' @C@l#@?@gzwmza'@)&a@b%& () -

N@&! (1 ? W@N% (12)%/4@“/2‘@(1 ? W@Nﬁ‘o%ﬁ@’ﬁ“‘“ﬁg@l@%'ﬁ%‘ %%'g'oé% al@@%jk ! 1%@10%\/|
M&' () - % %%<%.% % B0V UA10 metbadrglate,-a polylilyRimelhy! @hleﬁ‘,’/& poJyvinyl

o & -10M MLOM MLOM M 6109 . .
%( ) - g?&B&R&Y&Z&n &1E) @31%%Yie@g-rf apebviny! acetais, APpRyYinyl ggakeh & () -

10% & _ Vi ;
@L0% & () - navavassssasw @ PONA RSN RIS 80008 PEN N YIYRYISIONT %51 0 ()
-f @BL0% & () - BEAA: xX@@le%y@m%)ga@m@mmmml)ket@a,@mdy(@- @10% & ()-

fyl '10;/5 ?)y oK/ @' S10%& () 1t B SLO%E: ()6 SL0%& () -, @10% () -
@10% & ()-"'"" """ sW@'f' %&W@oéiyréneﬁl%«%xéioﬁr@%@}ﬂ%ﬁé) f' S109%& ()-tRf’
S109& ()-''" (((#($(xX@ 't Rf' S109%& () -1  S109 ST0% ()-f' S109& ()-tR

$( % gﬂ(}/ d;@( ( <(1 g(l (() (1 !) ][ g O(yéloty&otyﬂkymemnm (a)male@_e%d qopolymer, a maleic

@ @Tlo%%) ()-, TLO%& ()- kS( )Tfé‘g}&&'?éé E%%}e( 13 QUrpKystaViceliviosey 8 gy - )y x @
@@'lgos/&T(ng‘V& ‘(& )100/;&1?;/& () - kSpohefstdl) a glitfkether kSglyeb&id¥) d)carboxylic;

’ 1098 ()-, T109&' () - kS, T10v&cld esten obgolyhydric glgehely g pile acid or bile acid

LB S10% ()-YR(@S10%: () - GoghO%&ib Lick EBSLNE Soia GhoARvE () -+ 6+ 7717 [ s

@510%0 () - BS109& () - yR® 340u8ekirin@G SHOBhOIUsYTRESADIR an) o P\ * ] *X* y* z*{ * |
*1*yl R, @SL0%&! 101010@510%&&) R@S10%&' () - @S10%&' () -yR ****+ ++|[: ] _R
L 10988& ()- ,f 109%&28& (Unsafiraigszcanboxylic agidgestar, oy an 'Ci@%ﬁ}!éac%)

| @0%828& 9.-0.V. / 109%@28& () - ,
1(%&2&& ()(),+100/&2&& ()l[ ﬁ{@}gﬁgﬁé‘%‘w\/@ﬁ%@@ %“d /<11 0i o; 0kOI 00| obU4

, , @O%&' () - 10&2&10&2&10&2&@5&&9&@&& $UspenSEnMINRBSR {flerent. ~ 10%82&8, 8
. 1092 &&' or117M22L33 109& &
10%& () - ,‘fc,) 10%& () - 10%60;"@@@9 Qsmlﬁezﬁ( )each cfmﬁ %%lg cononen(
, Vi &10%k -0 # 10%&' - i %
5R626)| ([)Q:%b& T 1100 8 ,';(’)(ji V. ()-V,CP@%-"‘("%a pofyetﬁé} @ddy & o () -

) 109%&' ()-2666666678vU4 , , “polysatbgnate, a@wamylen@l@w quuimeater B109& () -

|41 109%&’ () - 88- 999: U4 , O () - SLTOUR () 100 ()
10%&’ ()_(? @' 10%&: (;[ VlO%& %Iya%ilgng‘ggm' ?Iyggxpeff\‘e @g@yﬁwé @L a
1098 f, sl 10%& . S&IRBK RRLENEC

109 8 =t = 2n= :szgl >Mev U4 aeMn?Lnam&& ('§y]'° 2ok, 3 5ogaspie,acd. a
L Y109@28& ()- , 10%€28&& () - 1(paiy(@cryiis @cisbgo-malsiz)acid @p@@qerwgmtnle a

L10%82¢% () -, MLOYE2&& () “polyalkyl acrylate, a polyalkyl methacrylate, a polyvinyl
methyl ether, a polyvinyl ethyl ether, a polyvinyl



,, 109R2&& () -, , @ @O%R2&&' ()- , 3109R2&& ()- , 10%R2&& () - GAAAA| | [:vWU4 |,
., L109R2&& L A 35 NIBUR &L () - , , yS&Z1PE&2&&' () -, YyS&Z109%&' () -

, 110%R&& ()- R':110%.L& ()- Normal" "Heading 13]c" "Heading 23]c" "Heading
33] ¢c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading
83] c" "Heading 93] c"A "Default Paragraph Font (0 9KATI Q W g<o}wev+! N

Wiw Q K"' % ' k- 3/: >BDFHJ L NPRIoetate; apalywinyh glaohok |a-polxtiReinyipyrwdidone,

5 v bncan oo, SORBUBIATBIRVIEBBE LA AW - v
L z# $9m&& ' $(((:))*[ *}*methyl ketone, a poly(4-vinylphenol), a holy(acrytie

/ 035268: ) =M?@RSTUWKYZ[ \ ] *_" abcdef ghi | kl mmopqr st uvwxyz{ Ti mes New
RomanAri al Couri er New'h RocACigh¢orsty@ng gxardline polymer, a

I"H#PUR' £)*+,-./0123456789: ; . . \ )
<=>7 G\BLDEFGH JKLMNCPORSTUWBBIKY!pReimipe, a maleic, aeid sopolymer, @ maleie
" #EU& () *+, -./0123456789: ; anhydride copolymer, a hydroxyethylcellulose, a

<=>?@\BCDEFGHI JKLMNOPQRSTUWKYZ[\ ]~ "abcdef hi,l Kl mmopqr st uvwxyz{| } ~
polyacetal, a glycidyl ether, a glycoside, a carboxylic

acid ester of polyhydric alcohol, a bile acid or bile acid
salt, a bile acid ester, a bile acid amide, a

10 cyclodextrin, a phosphorus compound, an o, -
unsaturated carboxylic acid ester, or an ionic surface
or interface-active compound.

8. A process according to Claim 7, further comprising the steps of:

(c) isolating the catalyst from suspension after (b),
15 (d) washing the isolated catalyst; and
(e) drying the isolated catalyst.

9. A process for the production of a polyether polyol by the
polyaddition of an alkylene oxide onto a starter compound
containing active hydrogen atoms in which the polyaddition of the

20 alkylene oxide is conducted in the presence of the double-metal
cyanide catalyst of Claim 1.

10. A polyether polyol prepared by the process of Claim 9.



