;e3ewmt 4@ r6T ; Mp-6912 Le A 35 392-US NP/ klu 159159 DOUBLE- METAL CYANI DE
CATALYSTS TLHETTETEETTETTEr e et et ettt 5 FOR PREPARI NG
" POLYETHER POLYOLS (00002 TECHNI CAL FI ELD OF THE | NVENTI ON The i i '
directed tod\ﬁ douhl e-nmetal cyanide ("DMC') catal yst for prepar gmm@g’nlummlmmmm
pol yet her p 9@%1 t he pol yaddition of an al kyl ene oxide on 1

starter con‘d@:ﬁ@se'{ﬁa‘lsﬁsm Nf;lélb'ti ve hydrogen atoms. BACKGROUND OF THIE9159*

| NVENTI ON DMC catal ysts for the polyaddition of al kylene oxides on to
h

starter conpounds cont ai g YRIEIEA T

exanpl e, sUnited States Pa
5,158,922. The use of the ation of pedoypet her

5 P
e bonde The S0 onl | o TEaHRICRL FECD.SRTHERVENTION, he' D borr et on of
| h | | i : i A4 [ | i des.

pol yetner polyol sryd ﬁ'ngeﬁilcﬁ?ts;dl%@cﬁé Pbuﬁl@ﬁﬂe@?gﬁéﬂﬁég[{M;é?ocagérﬂgétox' es

Pol yet her pol yol s produce atalysis can use cess

hi gh- qual i t Yfopplepariag leapalgether polyel lastherpolgadditiomef amdlkyleatioxigs on DMC

catal ysts are usually obtained by .reacti n_aqueous sol ution of a netal
salt wi t1§ aﬁoé’qﬂégﬁgx‘%’gpﬁw%ﬁoﬁtlayrﬁngrﬁ?té‘fen&fﬁﬂgﬁéagoﬂ? in the presence of an
organi c conplexing Ii gandBﬁG}gGR(ﬂUNﬁ@FVTHErI‘I;IVE?jmb‘Ni' DMC cat al yst
preparation, aqueous sol uty T cess) and potassium
25 hexacyanocobal DsiCecatalysts foetha poljadditian df alkgene oxideBioretorstastet hane

| is then added to the di ion. After filteri d washing th
(i spor &1 on ViTRPARESRARADBaANE FUBI B AOTE pra ol Rt of the
general for rallzingiBalhRé Bt stks Pétéht]}l(}fal. %,404¥1¢9?,%,829€595>'3*§4$%495ar%f}ca' ned.

See, for exanple, EP /00 949. The ow ng refer.ences di sclose
cat al yst1® whb,408,822. tThet ine ofitbbsa OMG catalysis far the ppépacation bf palyetheby it sel f

A R R et R
pol yet hers vwidyblé sbﬁaéé,ithe%@L&iuégb%ﬂé:ols“girﬂé&ﬁégﬁéon%%efbréﬁé%aﬁéﬁbf EP 700

949; EP 743 093; EP 7 708; and WO 97140086. Additionally, the use of
t hese DMC capelystbespelydisoith alkali catalystd, shch aswlkali matal pydnpxigigist i on reacti on

f al kyl id ith 5 di ds. |
activity also i noreieler paflsFRBlnee BY NG Gy fBS BRabed e b ocess of
prepari g D%MQéwhighC&Uéﬁtﬁp&&ﬂv%'Méﬁqéfg.%oﬁéfé?%érﬁ@_an&%bﬁh@é)ﬁ' ly, due

to their increased activityy, cat al éStS can be used in | ow

concent r at i oAMQ catalysts ane Wssiadly obtainedby reactisgpraguesusrseddion affa r enovi ng

PAvENTT o Tl Sl FiEn Adlelstediftio ot R RRIH) cPERER it R PAESES Tt Al vt
for produci nef 4n olanks demplesingdigahyl, &g arcbtiaedinta Bpicl DMCalalygne oxi de

on to a starter conpound. The DMC catal yst of the present invention has 15
i ncreased caR™EPFEALICR: BAYERYS SQJutiRisRf Zint rhieligde (iIvexeeswlanst Rotagsidmobj ect  of

the pre t | i i J - QVvi.ging St

compri siany: ASENEhSEatanaRe SRR B ol aishiriiond SN BNt

conpl exi ng | {ghane) istiherh addedts the dispersionerAftex filteting and dvashiry the aci d sal t)
a bile acid ester, or algbi | e acid am de; c? at | east one polyether; and d)
at |east onediSBeIFiQRewil the aguequsglymesalytionyanaclive gatalyst of the ganesalaci d
am de. Hereipahigf, the polyether c) and the bile acid, bile acid salt,
bile acid ester or bile acid amde d), may be jointly referred to as "the
conpl exi ng cAnjCofON¥]2 - REZRCIL ED DEHEOR PTIz@lyde THE | NVENTI ON 25 The DMC

catal yst, of th rese i pvention tiaonally conprise water, preferably
in an arﬂﬂmt'sfmpﬁat g"’f(ﬁ%@“%“%@v%?ﬁﬁ@‘%m catal yst of the present

i nvention can optirRe#dilowisd Fetet el al salts,
preferably in an anount fuﬁ%mgﬁ?@eggﬁv\cﬁs"% heg%%ﬁgfcsé;grﬂﬁlgﬁn e;l?&i s the

reacti on probutanobds thexerganicsainoiexing tigard &by itselft ordndombivation-with abl e net al

cyani de sal tpol')al‘et\p%tr)%-tﬁg lplrjebplaeratriroer;[ 8# polyether polyols to further reduce the

m o




Le A 35 392-US - 3 salt suitable for the preparation of the DMC conpound
~a) is represented by the formula (1) MX)n (1) 5 wherein Mis selected from
Zn(l1), Fe(ll), Ni(ll)) Ma(lIl), Co(ll), Sn(ll), Pb(ll), Fe(lll), M(IV),
Mo(VI), AI(L‘ 5) V(IV), Sr(ll), W4V), 10 WVI), Cu(ll) and C(I1I1),
(preferablyl‘—g?—ié(’);lf-l&ll) Co(ll) and™Ni(11)); each X is identical or
different, preferably identical, and an anion, selected from halides,

hydr oxi des sul fat es, carbonates, 15 cyanates, thiocyanates, isocyanates,
i sot hi ocyané@@t@pt@bmasa;fumtwal aqlaeﬁ@é%wahdermmalai le baadsi JB1, 20r3. 20

Ex I f I l h ent
Ear €2 o a1A51 R8T YA B 700BL P AR E 1ol ol By

acet yl acet 097149088i fAdd@tﬁimwthe usersf théde BME catalystd tedusestige) iron(ll)
brom de, iron(ll) chloride, cobalt(ll) chloride cobal t(I ) thiocyanate,

ni ckel (11) mmca@mwndhe|pplma;idﬁlpnrra@@|omf alkylene exideaaddor . 25 A

b f the DMC
o B R e L e A AT
Ic_:re 'IA\I ;%5 ?%Friﬁgtenlﬁ/g(dl}ﬁcsmymtlaﬁ:tliﬂﬁsemé mlﬂfegg()f bdepahiag Eplr?h?eltrllékﬁdly(%lfl )OO( |V|( : {/)
an((:J V(V), (68EPMES Nogrel qqs}e +)AdCfﬂana"y)dumﬁweir)mcreawc! petivitys Ni (11)

f
or more 3??‘&%@?%@%*‘?%2%&#@ iof cBRESNLFHERS' @5 PR br 698) FndiE 0° O"
i dentical, #nslekpersivesprockssof temodng vatabyetsfrem palystheppdigbis net al i ons and

al kal i ne earth netal ions; 10 Ais identical or different, preferably
i denti cAP, JONYErHEEHIZAN from hal i des, hydr oxi des, sul fates, carbonates,

cyanates, thiocyanates, | SOSYRIMARY: OFW@'IWEW@)&S car boxyl at es,

oxal ates and nitrates; and
The object of the present invention is to provide a DMC catalyst for

producing a polyether polyol by the polyaddition of an alkylene oxide on to a
starter compound. The DMC catalyst of the present invention has

156 increased catalyst activity compared to known DMC catalysts. 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 bile acid, a bile acid salt, a bile
acid ester or a bile acid amide; c) at least one polyether; and d) at least one

20 bile acid, bile acid salt, bile acid ester or bile acid amide.

Hereinafter, the polyether c) and the bile acid, bile acid salt, bile acid
ester or bile acid amide d), may be jointly referred to as "the complexing
components”.

DETAILED DESCRIPTION OF THE INVENTION
25 The DMC catalyst of the present invention can optionally comprise

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

The DMC compound a) is the reaction product of a water-soluble

30 metal salt and a water-soluble metal cyanide salt. A water-soluble metal



15 a, and b and c are integers, with the values for a, b and c being chosen
so that electroneutrality of the netal cyanide salt is achieved (a is

" preferably 1, 2, 3 or 4; b is preferably 4, 5 or 6; and c preferably has

t he val ue Oltdégéggggggfs of water-solubke netal cyanide salts useful in

t he present 8 32 e pot assi um hexaCyanocobal tate(l11), potassium
hexacyanoferrate(l1), potassium hexacyanoferrate(ll1), calcium
hexacyanocobal tate(l11) and |ithium hexacyanocobaltate(lll). 25 A preferred
DVC conpoundaltsuitablerfar the rreparationef ghe PMC cempoupefd imtepressiedRved by t he
formul a (IIH% %ﬁ%ﬁh k CN)ylz (111) 30 wherein Le A 35 392-US - 5 Mis as
defined in fof %I ; M is as defined in forrmula (I11); and x, x', y and
z are integers and are chosen such that 5 electroneutrality of the DMC
conmpound exists. Preferably, x=3,x'=1,y=6andz=2"; M= zZn(I1), Fe(ll),

Co(11) or Ni(I1); and 10 MM&)eo(111), Fe(111),Der(ri1) or Tr(1il).
Exanpl esgof suitable DMC conpounds a) useful in the present invention are
zinc hexgcyanocobaltate(lll), zi nc hexacyanoiridate(lll), zinc

hexacyanof erwlgérefd | 1) and cobalt(I11) hexacyanocobaltate(lll). Further 15
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 the present y (Welp™s i i Q?(P@a seful in
the present invention Né?géggﬁr?g%na fé%%ﬂﬁf%@@ﬁ“ﬁﬁwﬂ%é"?b "ér’l%(" 'ef erences:
US. 5,158,922, U.S. 2Pb(®)ARelINOBo(I¥)SE0ARAIIN, T (VE \AM), S481), WRAVJ00 949,
compl exitly 1§ gands us oMYl Gulhang: Sl braforbiy. ¢l Eelll: Cotdandsi ¢~ O
or gani ¢ conpounds thtN@@tl)ﬁe)roatorrs, such as oxygen) nitrogen, phosphorus or

sul fur, which can form | exes with the DMC conmpound a). 25 Suitable
organi ¢ conplexing |igands useful in the present invention are al cohols,

al dehydes, ketones, ethers,  esters, amdes, ureas, njtrites, sulfides and
m xtures thereof. Pref@GeY ipidentical or giffarent, Rbe%PT%H’@h?% %%‘?@F‘- sol ubl e

al i phatic al cohols, su S { 0 4 eid- | parhSstRalt anol
sec- but anol or tert-bu%gﬂ& sé?%%lr@??ﬂgm gﬁo S Q%S‘g%ﬂeghggtﬁgfgr%%tggr ed.

Le A 351392-US - 6 Theyamates)itiocyanates;iisaryangtesdisblhiocyasmates] ei t her during

t he preparation of the atalyst or directly after the precipitation of
t he DMC conpound a). T‘F@’Dp’/g?‘ﬁﬁﬁscg’é%ﬁﬁséﬂdﬂﬁ?{%aﬁ b) is usually used in

excess. The DMC conpound a) is present in anount from about 20 to about 5
90 wt.% preferably 25 to 80 wt.% based on the total weight of the DMC
nis1,2or3.

20 Examples of suitable water-soluble metal salts useful in the present
invention are zinc chloride, zinc bromide, zinc acetate, zinc acetylacetonate,
zinc benzoate, zinc nitrate, iron(ll) sulfate, iron(ll) bromide, iron(ll) chloride,
cobalt(il) chloride cobalt(ll) thiocyanate, nickel(ll) chloride, nickel(ll) nitrate
and mixtures thereof.

25 A water-soluble metal cyanide salt suitable for the preparation of the
DMC compound a) is represented by the formula (l1)

(Y)aM'(CN)b(A)c (n

wherein



catal yst. The organic conplexing ligand b) is present in an amount from
about 0.5 to about 30 wt.% preferably 1 to 25 w.% based on the total

" weight of the DMC catalyst. The DMC cat al yst according to the invention

preferably m@gm about 1 to aboyt 80 wt.% preferably 1 to 40 10

wt. % based wei ght of the catal yst, of a mxture of a

pol yether c) and a bile acid, bile acid salt bile acid ester or bile acid

am de d). Polyethers c¢) sui tabl e for sent invention are known

and are described in tMdsmssglacd fﬁ@mrFeff(H) é:rﬂf'élé CE%)@@(”M&('%FC'XB@ 708 and
15 WO 971 40086. Pref I
of 1 to 8, prefer;§I ;rl\im{% %Ra XIE'I(EQ Kly #P\ I?l ver ge m) CL: gpawleit IgﬁtS

of between 150 and 10 (ColQIII)eDﬂ(IHb)JBe(h):WHf), (ZlQm)ar(dil)Fand NigW) arer e used in the
present invention. The pol yether poly be obtai ned by ring-opening
pol yneri zati on of an eifefarced)apdit %V‘fﬁt@s@l'éfé'edﬂet@{‘é)ﬁwe sdlkpBUnds 20
containi gg active hydr d or co-ordinative

catal ysi ? (e.qg., ySI@@oE@@% Pgt’siﬁgg sul labl e pol yet her polyols
useful in the present |nvent|on are pol y(oxypropyl ene) pol yol s,

pol y(oxyet hyl ene) pol yol s, EQ capped pol y(ox | ene) pgl yol s

EQ PO pol yol s, butyl erﬁa%deﬁa'dSB ngfye&gntﬁg g’é‘?ﬁ' 'Sﬁr'm.gc@ﬂﬁ)lsyner S with
et hyl ene oxi de and/ or e) glycols.
Sui tabl e bile acids d)atds%gﬁ f‘d?ﬁtﬁ%(g%[?ra%sﬁes%?hgg’\?é}rﬁaﬁg‘?légféhyi‘ast eroid
carboxylic acids, whi cdikaline darttelmdtalions;oducts of chol esterol and may be

derived from 5~i -choI an-24-oic acids by introduction of hydroxyl groups in
Le A 351892-US - 7 the a- position on CG3, CG6, C7 and C12. A preferred

bile acid is represent R2, R3 and
R4 i ndependent |y of on@qisano LéﬁriI oggjno r@ﬁhb 'Béﬁﬁwcﬁ'c?{be@%
NH CH2- COCH, NH CHZ- CHEorSGalide\Hihvair¢Xith2s, $ulﬂa'(e@l-|samoﬁaléscjcmalki SOs or
NH (CHZ) s N+( CHs) 2-
( ) ( ) (G_{%locyanates isocyanates, isothiocyanates, carboxylates,

oxalates and nitrates; and

15
a, and b and c are integers, with the values fora, band ¢
being chosen so that electroneutrality of the metal cyanide salt
is achieved (a is preferably 1, 2, 3 or 4; b is preferably 4, 5 or
6, and c preferably has the value 0).

20

Examples of water-soluble metal cyanide salts useful in the present
invention are potassium hexacyanocobaltate(lll), potassium
hexacyanoferrate(ll), potassium hexacyanoferrate(lll), calcium
hexacyanocobaltate(lll) and lithium hexacyanocobaltate(lll).

25 A preferred DMC compound a) according to the invention is a
compound represented by the formula (l11)

Mx[M'x'(CN)y]z (l”)

30 wherein



The free acid, a salt of the bile acid, preferably an alkali netal or an

al kaline earth netal salt, or an ester of the bile acid, preferably with an
“alkyl 15 radical having 1 to 30 C atons) or an anide of the bile acid,
preferably \r/g %Rﬁg@)@g radical, a sul tfga_l kyl radical, a

sul f oal kyl a i cal, a sul fohydroxyal kyl am noal kyl radical or a
carboxyal kyl radical in the acid or salt form is suitable for use in the

present invention. Exanples of suitable bile acids or salts, esters or
am des thereof 20 useful in the present invention are chol ic acid

(3a, 7a, 12a-tri hydr oxy-@[%‘ Ef%lf'ﬁgd?rfl hﬁjé?lﬁ d Rl= R3 = R4 = R5= OH, R2= H),

cholic acid sodi um sal rum ch i th| um chol ate, potassium

chol ate, glycol -choli cMasias defimeddn Idranula (INly dndxy- 5[ 3- choI an-24-oic acid
N-[ car boxymet hyl | ami de; Rl RB3=R4 =0H R2=H R5 = NH CH2- COOH),

sodi um gl ycochol ate, 2% X. @B intagers and are chosen such that

(3a, 7a, 13a-tri hydroxy %@l i Le A 35 392-US -
8 sul fo§t hyl ] am de; F@Béﬁ' t@ﬁ&t@ﬂblﬁ? &%d@g &'?\tlg-zCHz CHz- SCsH) ,

sodi um t aur ochol at e, deoxychol ic acid (3a,12a-di hydroxy-5[i-chol an-24-o0ic
acid; R~ = R4 = Rs = R3 = H), sodium deoxychol ate, potassium
deoxychol ate, i th| um 'F%QWWGI ate, 5 glycodeoxycholic acid

(3a, 12a-di hydroxy-5[i-g¢gh Nz 24+,Qd i [ carboxymet hyl Jam de; R~ = R4
=(H, Rz = R3 = H Rs :)? ﬁ%ﬂz‘w?ﬂgﬁgﬁl gl ycodeoxychol at e,

t aur odeoxychol i ¢ aci d M3aZh@h; Be@lydCoftly ob Nitliylanad 24- oi ¢ acid

N-[ 2- sulfoethyl]amde = = H Rs = NH CHz- CHz- SGCsH),
sodi um tzQurodeoxychoI aMe" Q,Q(Eﬁoﬁ%@sy Ré'l')?f'&ﬂl)d 10

(3a, 7a-di hydroxy-5[ 3-chol an-24-o0ic acid; R~ = =R =0OH Rz =R4 = H),

sodi um chenodeoxychol ate, dl ycochenodeoxychol iC aci d
(3a, 7a-di hydroxySESamptdsa:rf-SMablied)MG cbmpduratsbapusehullity tHeapregent R~ = R3 =

Chur ochenoqdBYSRIRY e H6e herasyanababaliaie iy 2 y@ﬁ%ﬁ@%ﬁfﬁ%{f@ im%d N[2 15
| f oet hyl di
t;urgghe%ogeoxf/%x ﬁgteaﬁqlphoc c#ﬁalt(‘lgm ga?génc%'ég?gﬁlg(lgﬁé cho? an 240| zoaiz:J(r:In

R~ = Rs 15 OrexdraplesRd suitatsle DMIC, ccmmbundsla)tdneMchmd}mtmt%ta@mﬁatent

l'i t hochol at h 3a, 6a, 7 - 53-ch = 24- oi id; R~
R s R = e, BBV, ARcfekeimrithlanite B preferen Pl chol ai e, 20

pot assi um hy@@,ﬁgb@ﬁ@usmpmﬁé%&m%m,gg(3a 6a- di hydr oxy-5p-chol an-24 oic

acid;, R- = I um hyodeoxychol ate, lithium
hyodeoxychol at e) Oogmscomplwmbg@msd:)atsefuldmmei presentdnvention arest er ,

et hyl ost er K0OH AR R TRE MG ek 0 pop dEBAR LEPt or &

et hyl arp et Byo4ergeers, eﬁ%oshglsca 941 8492ER I M00I4W IEFE78¢ 708, 3Pt aur ochol i ¢
acid, a deoxycholic acid @ﬁg%codeox cholic acid, a taur odeoxychol ic acid,

a chenodeoxy# #5123, 45845,470 83)@9‘6%!0 Q7/48086. Qrganic

t aur ochenode i C
hyodeoxychol P BRI B it PRCHEsPA A% tor Ty e RuGpRLL Bap®
invention. chmpbuRds BRR-Heferoatbmisuehasi slygen Shittbgém, pHygpRbR/ASI | nventi on
are ursocholic acid

sulfur, which can form complexes with the DMC compound a).

25 Suitable organic complexing ligands useful in the present invention

are alcohols, aldehydes, ketones, ethers, esters, amides, ureas, nitriles,

sulfides and mixtures thereof. Preferred organic complexing ligands are

water-soluble aliphatic alcohols, such as ethanol, isopropanol, n-butanol,

iso-butanol, sec-butanol or tert-butanol. Tert-butanol is particularly

30 preferred.



(3a, 7a, 12a-tri hydr oxy- 5a- chol an- 24-oi ¢ aci d), ursodeoxycholic acid (3a, 7a

_ di hydroxy-5(i-chol an-24-o0ic acid), 7-oxo-lithocholic acid (3a-hydroxy-7-oxo
5~-chol an-24-0ic acid), lithocholic acid 3-sul fate (3a-hydroxy-5~-chol an-24
5 o0ic acid 3-s at e or-cholic acid apd bis-nor-cholic acid, or salts,
esters or ai@gg§%t.?%g§?. Bile acids, satis, esters or amides thereof are
known and are described in detail in Nachr. Chem Tech. Lab. 43 (1995)

1047, as well as_in Setchell et al., The Bile Acids, Vol. 4, Plenum New
York 1998 and i n The qtgapis, complexing ligand, b} iscadded either dyeing thevew Yor k 1997,

G yotal 11 ne Prepafiom SHEMRMC fuafseaf dhetiy et Yo PleEpRBlion BY Y bR °2" B¢
typically arsmptemdy). fhatsgadicraampletihg Higandb) isUstialPMisedirmexdss.
conposition is tylpl caINB/ anal yzed with el enental 15 anal ysis,

t her nogr avi net ry 166 BMG eempond ahisiriesent ip aaustfoaxabeitcihieahauts wit h
subsequept ' | ] L QR . g ccording to
the presant SAYLA ProfBralf 25 8 8IS, vdse e 1o Gkl e EMC L)

tert-but anoIcatalystat‘rﬁeaagtanicrmmqﬂéxin%ln?and bhig pleséit ih aasimourtt florhe aci d,

bile acid salt, hile acid ester or bile 20 acid am de. The DMC catal yst of

e :
the present about 0§ toahaut 3patepraferablyubingd vt /athasedn thedetalng a net al
salt) prefer I d D\ : cyani de
salt, prefera %t %ﬁﬁe rljg\gézg:?gg'n%%d Tklg]g/é [?Q@ %‘%%%1 %ccﬁr%l}]g%trt]ﬁl? ﬂ]ggﬁétgience of an
or gani ¢ conmyreferatgly lcogfprided fromnbbeut 1 ® atsout BOrwielo2prefedapht hes 400r a bile
acid, bile acid salt ile id ester or_Dbi acid amde. In this

b d bi
pr epar aflPon W%, Qﬁs%hgéy‘lgtcg%‘:"lﬁ'gﬁtrﬁfthﬁ@MIGtC?@FaIX%H of a mixtugsahdl e, zinc
hl ori d ' t oL G ' t 00, : b d
the ol ar arstigs ehafy Bl SiE B EoR) SHIE RS skl et Bl iRt e amidt Coan o
salt (for exhnpl e, potassi um hexacyanocobaltate) in the presence of the 30

or gani ¢ conpl exi | igand b) .(for, exanple tert-buytangl). A suspensjon Le
A 35 392-US - 10 Polysherss '@E@ fgwesegh%maswt IpYRIHIoBaAHNEWNANL
hexacyanoco . , : S t gﬂ?'q onpl exi ng

| i gand b) i?F?%tﬁgﬁpemﬁ%rfagdr?ﬁ@@z%%@ffh?ﬁ ?gggggb?pi-fsmel éP&present I n
t he agqudbus WQ 97400861 Préferatdy,golysthér polydle withteydmatyefunciiemalities ®éfit, or is
added directly 5 to the suspension after precipitatiqn qf the conpound
e of er atiPP: PIRraRbGA 19 2. P HOVI0 A UBPEE FYSTaas IPgar VBB cxi o
ligand b) i ' I h7r StWRRARR) L ARt 4 ated with
a mxture o?%eggﬁgléehﬁ“n%'gﬁ%?mg)s C) ﬁgr?ﬁ}d.‘gT@ 'nérétdgragq%;ﬁegonpl exi ng
conponent s dresent idyentonpr #he patyetherpalyalsmayrbexobtamedf bywingopemidgor gani ¢

10 conpl exi np%l)'/r'ngﬁ{]a%otr)%f an epoxide in the presence of starter compounds

20 containing active hydrogen atoms under basic, acid or co-ordinative
catalysis (e.g., DMC catalysis).

Examples of suitable polyether polyols useful in the present invention
are poly(oxypropylene)polyols, poly(oxyethylene)polyols, EO-capped
poly(oxypropylene)polyols, EO/PO-polyols, butylene oxide polymers,

25 butylene oxide copolymers with ethylene oxide and/or propylene oxide and
poly(oxytetramethylene) glycols.

Suitable bile acids d) useful in the present invention are Cz4-steroid-
carboxylic acids, which are breakdown products of cholesterol and may be

derived from 58-cholan-24-oic acids by introduction of hydroxyl groups in



The DMC catalyst is then isolated fromthe suspension by known techni ques,
such as centrifugation or filtration. In a preferred enbodi nent of the
" present invention, the isolated DMC catal yst is washed with an aqueous

sol ution ofééggégg%%ELgiconplexing Iigan? b) (for exanple, by re 15
suspensi on erbwed i solation by'filtration or centrifugation).
Wat er - sol ubl e by-products, for exanple, potassiumchloride, are renoved
fromthe DMC catal yst by washing the DMC catalyst with an aqueous sol ution
of the orgarthe cepositienond>43, §a6.0CH) and'ﬁ.‘e1am9umefejfed)b@amd isonpl exi ng
Ilgand b) in_the aﬂ%gs ?hmash 2 1) ion is preferably between 40 and 80
. % based "6RMYS§O1GQPY NG EPERE fﬂ"&@%eous wash solution. Preferably, a
snall anount of the conpl exi ng conponents c¢) and d), preferably 0.5 to 5
wt.% based on the total weight of agueous wash solution, is added to the
aqueous wash solution. Preferably, the &l yst is washed nore than
once. This can be 25 acconplished by re he aqueous wash sol ution
procedure descri bed above. However, thex squeous wash sol ution
for further washing operations is pre [
conprises a m xture of organic conp e
conponents c¢) and d). Le A3
then dried, optionally after p at a tenperature between 20 -
100C and under a pressure of, b€ e n ar to 1,013 nbar. The present
invention is also directed U6 the uaezof the DMC catalyst 5 according to
the invention in a process for the pregaration of a polyether polyol by the
pol yaddi ti on of an al kyl ene oxide on to a starter conpound cont ai ni ng
active hydrogen atons. Al kyl ene oxides preferably used in the present
invention are ethyl ene oxi des, propylene oxides, butylene oxides and
m xtures t heWBe#eiN The build 10 up of the pol yether chains by alkoxylation

b lished b
bl ockwi a6 wi th 2 or 3 BITTBICrRE AePRARGRIY df (RRdcifer BindiBHAIY, 1 (i s

regard can be found i nOH;lamdnns Encycl op~di e der industriellen Chem e,
Vol unme A21, 1992, p. 670 et Se&%\'ﬂw Starter cogpounds contai ning active

hydr ogen at ons whi ch aRe dgpates it WHdeHrGROHK My CEerd2-BRsE N ar e
compoundg Wi th a nurrbe{ ﬁz‘ﬂ?!\?@ﬂ?b‘?&%ﬁb%ﬂrﬁO?%rmﬂ 000 with 1to 8

hydr oxyl groups. es’’o starter conpounds are et yI ene glycol,

di et hyl ene glycol, tri Nt@)-li;f)ﬂ&lgi y»8@s3,. 1, 2-propyl ene gl ycol,
1, 4- but anedi ol , hexaret hyl ene 20 gl ycol, bisphenol A, trimethyl ol propane,

gl ycerol, pent aeryt hritol, sorbitol, sucrose, a degraded starch or water. A

starter compound ‘?Eétfr%brﬁdw aﬁ‘é‘éltdﬁh@b‘ﬂé%ﬁﬁp?éfg FabiVah ellali3foapBiai epar ed

by conventi onal catal ysis froma | ow nol ec r weight starter
conpound renalkalirgleattio meetaksill, or an estargbthe bile atidopreferablyrwilibapatiglict wi t h

nb | f 200 2.00 fegab d i h
or osont 1wt navig B JLRAisnor 2 eaide SL TRl Siteab i o the

present an alkyl radical, a sulfoalkyl radical, a sulfoalkylaminoalky! radlcal, a

d b)pand the conpl exing
The washed DMC catal yst is

sulfohydroxyalkylaminoalkyl radical or a carboxyalkyl radical in the acid or
salt form, is suitable for use in the present invention.
Examples of suitable bile acids or salts, esters or amides thereof

20 useful in the present invention are cholic acid (3a,7a,12¢-trihydroxy-5p-
cholan-24-oic acid; R1 = Rz = R4 = Rs = OH, R2 = H), cholic acid sodium salt
(sodium cholate), lithium cholate, potassium cholate, glycol-cholic acid
(3, 701, 120-trihydroxy-5p-cholan-24-oic acid N-[carboxymethyllamide; R1 =
R3 = R4 = OH, Rz = H, Rs = NH-CH2-COOH), sodium glycocholate,

25 taurocholic acid (3o, 7, 12a-trihydroxy-5p-cholan-24-oic acid N-[2-



I nvention, of an al kylene oxide on to a starter conpound containing active
hydrogen atons is carried out at a tenperature between 20 to 200C, 30
" preferably between 40 to 180C, nore preferably, between 50 to 150C. Le A

35 392-US - @%S i@ggéggtion can be carriged out under an overall pressure

of 0.0001 t pol yaddi ti on can be carried out in bulk or an
I nert organic solvent, such as tol uene and/or tetrahydrofuran ("THF"). The
anount of solvent is usually 10 to 30 wt.% based on the total weight of

pol yet her pwlﬂ@ethﬂaﬂéd% Rt & FereBs =, B HRaf NM-GWreBrSQaH)on s chosen

the gi ven T esety IR iRlENg ddod ey CEp e BB bR e Ty T

the range fracidORPEIFY :Rs% OB, Rowt RY% H) sddiuabdecxyehtiafe, WotdsésiumO. 1 w . %
nore preferably, 0.001 to 10 0.0025 wt.% based on the total weight of
pol yet her pof§@fychelale lithiemdaeoxycholateyunber average nol ecul ar wei ght of the

| yet h t i; ti isinth
Pange 11 SayCosbRRARRdY (oT ol aniOP Sn hOBE IR S At 8T ) o1 rore
preferably, RadfdkynetRyl]dMidepRisiRs A0HTRe R4 iR + MiM-C-COOHY ri ed out
rocess) - Bosave QORURSHyCHAgIA, 14 ralepty RIS S6id ddadord oy A6 DL

t al yst f i ' . WS edpi i 25
b ana T essChRan 2% Bid RoRLIGaGRamR; K1 STRY 3 O RESRESH BePee) 20
t he prepar at N6RCER-GHi2-8 0 rseidivam ésyrodéoxygholatet dreenodebyyhalis apidepar ed i n

Step of onotinGe iyt SReab R PEAGReR rSRset REF Gl Far R Hhe o 11 ed
o vor e hame ol S RRbRI e OGRSy BRL ohl LSRN B,
25-32 and 578p-obdjan-30-oic agid N-Rartzogmdthylfednide; R1=R3=OH, R2=Rs =H,

Rs = NH-CH2-COOH), sodium glycochenodeoxycholate,

taurochenodeoxycholic acid (3a.,7a-dihydroxy-5p-cholan-24-oic acid N-[2-

15  sulfoethyllamide; R1 = Rz = OH, R2 = R4 = H, Rs = NH-CH2-CH2-SO3H),
sodium taurochenodeoxycholate, lithocholic acid (3a-hydroxy-5p-cholan-24-
oic acid; R1 = Rs = OH, Rz = R3 = R4 = H), sodium lithocholate, potassium
lithocholate, hyocholic acid (3a.,6a., 7 a-trinydroxy-5p-cholan-24-oic acid; R =
R2 = R3 = Rs = OH, R4 = H), sodium hyocholate, lithium hyocholate,

20  potassium hyocholate, hyodeoxycholic acid (3a,6a-dihydroxy-5p-cholan-24-
oic acid; R1 = R2 = Rs = OH; R3 = R4 = H), sodium hyodeoxycholate, lithium
hyodeoxycholate, potassium hyodeoxycholate, cholic acid methyl ester,
cholic acid ethyl ester, deoxycholic acid ethyl ester and hyocholic acid
methyl ester.

25 Preferably, a sodium, lithium or potassium salt or a methyl or ethyl
ester of a cholic acid, a glycocholic acid, a taurocholic acid, a deoxycholic
acid, a glycodeoxycholic acid, a taurodeoxycholic acid, a chenodeoxycholic
acid, a glycochenodeoxycholic acid, a taurochenodeoxycholic acid, a
lithocholic acid, a hyocholic acid, a hyodeoxycholic acid or a mixture thereof

30 is used in the present invention.



Exanpl es Catal yst ureparation 5 Exanple A Preparation of a DMC cat al yst

with a polyether and a bile acid salt (Catalyst A): A solution of 12.5 g

" (91.5 mol) zinc chloride in 20 M distilled water 10 was added to a
solution of 4 12 mmmpl ) potassi um hexagyanocobaltate in 70 ml distilled

wat er and vi!@&é%§§2$ rred (24,000 rpnPuntil a suspension was forned.

| medi ately thereafter, a m xture of 50 g tert-butanol and 50 g distilled

wat er was added to the suspension and the m xture was stirred vigorously

(24,000 rpm for Bife atids udeful ittthleepre‘serﬁ ||5V@‘\t|pnlarpm$r;deheagidycol 15 with a

0.5 g chol i cioactes 1 3atmIBieeRy-Bevohian 28 ol teilh sl Sadepydis 28 (o Tard it or

was t hen ad i i d-he
resul ting s?ﬁd%@g%méﬁgaqg}é C‘E? rg?lﬁ%lr:%cg@%e%(ﬂ%t%?%ﬁ rch( 10, 000

rpm for 10 5|3-nhmlahl=24aomadld)r lithothalie: arid 8raulfate (Bophydragy-§pdinelan-24d wat er
0.5 20 col ,200 nd CI d sodiumsalt and
{1 Tt o od gedh ach) wanitgt®) i-coolic aoflandbRreahpioaeBoot sk ssEHor or 10

mnwth a |’ﬁ'dérseth8 00 g tert-butanol, 0.25 g pol ypropyl ene glycol 2000

and 0.25 g ¢ I'c acid sodiumsalt. After filtration, the catal yst was
dried to a const aBile aeidghsalts;, eSets ondmdesdhemdpr@knwaanﬁ?arefi eld of dried)

P <0 Skt b RS, TSR e PR A3

wt. % polypr 2 9 i diumsalt =
3.2 (\)Nt Mgtggzm%s?éfﬁ%nggh% (ET cémn%\gwg'éﬁgggrdglgzlﬁatl on of a

DMC cat aIQ/st Rairipip, hepitiby ddterstaffe, IStuttgart, INdve Yadt 198410. 288(etseql yst B): A

| ut f 2.5 h 20 m. distilled wat
Sotod o o corut TheTMG GRS decBfe b e ah O Ao B ot o b 70
di st 111 ed_ vageiaNfif, Ko Sylbling or fRfiphdds, 0Pl EARIINMY 4 tiicinonsi on vas

formed. | mediate amxt re of 50 tert and 50 g 10
distilled waanalymwmwer%-naryeilfﬁasma on and the m xture was then

stirred vigorousl 00,r for re of.1 propyl ene
glycol 2000, 1 g %B%ﬁ\ﬂgt%@ '0(5' I§i 16?'??'(“ W msg‘f‘ﬁﬁéﬁgladded and
the mxtige Hﬁéle@i‘s' ﬂkﬁﬁo@ﬂaﬁﬂ@tr& Bﬁbxtfrﬁétlvé r%vaﬂ&ﬁhé%mdléﬂﬂg sol id was

isolated by filtration, Subsequently stirred (10,000 rpm) for 10 nin with a

15 mixture ocomogentsrwntlbsmlme@uentagragmetgc|dketermlmﬁtoewr and 1 g pol ypropyl ene

| ycol 2000 and fi,tefed Fin lid t d (10, 000
S0ai for 10 mn OrREGred SRl catalA pareindie 16t PlbsSRT IR GNHOE” P
pol ypropyl eneomlpvgéé af&ne he&é&ﬁncfcbbémb(mﬁb) lé‘rP-bG@h@l Xy tat RSt dﬁe ed to

constant wei ght at 50C under normal pressure. el d of dried

pul ver ul ent _ pabyathest andsd)zatjegsmmbléﬁ aqdablyosa@d sahebuw%esteépr bile anal ysi s

and extr g It = 11.6 wt.% zinc = 24.6 w.% tert-butanol = 3.0
.% po g&% 25 gl ycol 2000 = 25.8 wt. % Le A 35 392-US - 15

The DMC catalyst of the present is typically prepared in aqueous

solution by reacting a metal salt, preferably one represented by the formula
(), with a metal cyanide salt, preferably one represented by the formula (11},
in the presence of an organic complexing ligand b), which is neither a

25 polyether nor a bile acid, bile acid salt, bile acid ester or bile acid amide. In
this preparation, in an aqueous solution, the metal salt (for example, zinc
chloride, employed in a stoichiometric excess (at least 50 mol. %, based on
the molar amount of metal cyanide salt)) is reacted with the metal cyanide
salt (for example, potassium hexacyanocobaltate) in the presence of the

30 organic complexing ligand b) (for example tert-butanol). A suspension



Exam ne C (conuarison) Preparation of a DMC catalyst wwth a bile acid salt
~without a polyether (Catalyst C): 5 The procedure was as set forth in
Exanpl e B, however, a cholic acid sodiumsalt was enployed in lieu of a

pol yet her. Wd, pul ver ul ent c‘fa(} alyst: 4.2 g 10 El enent al
anal ysis, t atric anal ysis and extraction: cobalt = 12.6 w. %
zinc = 27.3 wt.% tert-butanol = 10.9 wt.% cholic acid sodiumsalt = 4.3
w.% 15 Preparation of P%lcgol yet her s)ol yol : General procedure 50

A

pol ypr opy! ercongprsing thet GMCeeompound a) Hoeexayapleories meaacmqyﬁbatbateg, 000

pol yol 1o baSbeaReRy Mato it B nie AR lPieBiR eept R e or under
an inert gas (arJgrs oryic\sorplefmgdidanl b) s ilRr prederiten Bid adquetus Propyl ene
oxi de (approx. 5g) was then netered in all at once, until the overall

pressure hadsalutinsrofitbe metahsalt andlpr thermptah pyanide sakki ards added dirgctiet ered i n

This acod o0 SHpeRic geCBebIRiET B B PG CFrhREREL B YRfeRy e oS
activated. Tihe miktire of Agues@PIbiatich and eegdnic bomplenity ndgeﬂ biEsered in
continuously under a constant overall pressure of 2.5 bar. Wien netering of

t he propyl endgereual stisrede o Bspeasiondetneed igrthan treatedbwith agnidyrgwfor 2

30 m xtur e w8 R cBRREES, SIE o), e B Gt Binolding; g™ 5"

resul ti ng potompbentse) snd dhvisspreferablytusedded rixtuteiof watex ard diganigd nunber
t he doubl e-bond content and the viscosity. The course of the reaction was
noni t or d@ wi €aMmplgEingiligasd )i me/ conver si on curves (propyl ene oxi de

consunption [g] Vv i e [:;d 6 | i S
determ ned from tﬂéé g)gklﬁéntcgg%'%l‘tﬁt@r sne'g%llgioe)rc\j f&rﬂ?tp\%@ﬂ%%ﬂgﬁcﬁh QY QF?n\&ﬁst eepest
poi nt of t hetechniglessiwhsageerttfugation bhfitratiowx irea pesfetred @nibodimeht t he
curve. The propoxylation tines [ re decjisive for the catal yst

. which
activity,  cophibespesentaantopcitedsoioted DME erialiskis washedWibANo! 1 he

catal yst (en [ p?]u?,{ ! 3 | t he

pr opyl ene ox%o#@"‘tjto a tb%%ﬁ%?\%%&%%@@ﬁro&{ﬁég d@gtion and

g; opf)xyl1aﬁ i ?szuspiemsionamﬂd hee rénéWedascﬂa%mrbpﬁltratimbyeednﬁlfugmﬁbnpI Wit h o
talyst A : Induction time: 1 mn 15 Propoxylation tine: 19 mn

Total reacti @%tgﬁ%gblfﬁ'ﬂﬁoﬁuﬁ&l s EampiR) RPGASSILY G E’r’i‘g@r arefemeyedy) . 29. 8

Doubl'e bond £opREIDMETtASER by Washifg A% DME ehtdystdith arPdqueds

solution of the organic complexing ligand b).
The amount of organic complexing ligand b) in the aqueous wash
20 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) and d), preferably 0.5 to 5 wt.%, based on the total weight of
aqueous wash solution, is added to the aqueous wash solution.
Preferably, the DMC catalyst is washed more than once. This can be
25 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 a mixture of organic complexing ligand b) and the complexing
components ¢) and d).



Exanpl e 2 (conparison): Preparation of a polyether polyol with Catalyst B
(25 ppm: 25 Induction tine: 100 mn Propoxylation time: 110 mn Tot al

" reaction tinme: 210 m n Pol yet her polyol: OH number (ng KOH g): 28.1 Double
bond content, ( 21 7 30 Vi scosity C (nPas): 849 Le A 35 392-US -
17 Exanple Le Preparation a polyether polyol wth Catal yst
C (25 ppm: 5 Inductlon tlrre 217 mn Propoxyl ation tine: 33 m'n Tot al
reaction time: 250 min Pol yether poly OH nunber (ng KOCHI 29.6 10
Doubl e bond cont eThewaﬁbedE@/JCcetaWMa)&\enwr@soop Iyaf®59u rizatian, A)

conpl exi ng_ cAAR SR bERE 07 108 And B e préastie r BBPAA AR culhi yot

B and Cat al yabafGo 11018 midied only pol ypropyl ene gl ycol 2000 or cholic acid
sodiumsalt as the corrpl exi ng conponent. Le A 35 392-US WHAT IS CLAI MED
1S 1. 5 10 2. 3.Thepresept inyentinn i3xiso directed to the use of the DMC catalyst

5 according to the invention in a process for the preparation of a polyether
polyol by the polyaddition of an alkylene oxide on to a starter compound
containing active hydrogen atoms.

S
P

Alkylene oxides preferably used in the present invention are ethylene
oxides, propylene oxides, butylene oxides and mixtures thereof. The build-
10  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
Ulimanns Encyclopadie der industriellen Chemie, Volume A21, 1992, p. 670
et seq.

15 Starter compounds containing active hydrogen atoms which are
preferably used in the present invention are compounds with a number
average molecular weight of 18 to 2,000 with 1 to 8 hydroxyl groups.
Examples of such starter compounds are ethylene glycol, diethylene glycol,
triethylene glycol, 1,2-propylene glycol, 1,4-butanediol, hexamethylene

20 glycol, bisphenol A, trimethylolpropane, glycerol, pentaerythritol, sorbitol,
sucrose, a degraded starch or water.

A starter compound containing active hydrogen atoms which has
been prepared by conventional alkali catalysis from a low molecular weight
starter compound mentioned above and is an oligomeric alkoxylation

25  product with a number average molecular weight of 200 to 2,000 is
preferably used in the present invention.

The polyaddition, catalyzed by the DMC catalyst of the present
invention, of an alkylene oxide on to a starter compound containing active
hydrogen atoms is carried out at a temperature between 20 to 200°C,

30 preferably between 40 to 180°C, more preferably, between 50 to 150°C.



A doubl e-netal cyani de catal yst conprising: a) at |east one doubl e-netal
cyani de conpound; b) at |east one organic conplex ligand which is not a

" polyether, a bile acid, a bile acid salt, a bile acid ester or a bile acid
am de; c) a! Elgggta@@ggpol yet her; d) at_1be_ast one bile acid, bile acid
salt, bile } bil e acid am de.” The doubl e-netal cyani de cat al yst
according to Claiml1, further conprising water and/or a water-sol uble netal
salt. The doubl e-netal cyanide catal yst according to Claiml, wherein the

doubl e- met all heyaactian ¢anbe catnadoutiuiden an aveEllRIgssureAf0.900M o 20rhe
oubl e T b b SR rGE A0 By BB P BB R 071

conplex ligand is one, am de, urea,

nitr : te, suIstJ'cgesewlc:ilam(a:I aadldrxetuamtﬁdrmrmﬁ'THFh)e Hwbhmumlebfas?lmmé de
catal yst accordjng to aimi1l, erein the organic, co ex ligand is
Lert . but andeualtng0 2,38 hebisedgm edetal welghtat pabiedian ayal 49Beai m 1,
wher ei n she q%bﬁ netal cyani de catal yst contains up to about 80 wt. %
based on thg ot al " wei ght of the double-netal cyanide catalyst, of a

m xture of the pdhecDME catplyshcondentratibre isschasentsuch that sfficient camtiok aci d

ester or bile acid am de d). The douh] e-netal cyani de catal yst,K according to
G e o el 4 polyATUAGR feantiongs ROSSIBURdSF the TR SsadBIadniltianSa { or
nmet hyl or et i LAl I i b 0 urocholic
aci d?/ a deo%%ﬁ?'&%%‘%’? ﬁ?gﬁ!ﬁ%@%@&ﬁ%??@%ﬂ%ﬁ? gg?o 'e)g%?/?hol ic acid,
igchtenodeo;iwvit%l prefaabP/_,, 000! wg:‘&&:ﬂo@;bg\ddﬁyrrnbté i)[e_fgabby,, 06001htb;a_ A 35 392- us -

aur.ochen X i C aci a li ic acid, a hyocholic acid, a
hyodeoxi}gholqggﬁl’%‘%%a&eﬁi%‘gPéOKaL\é’re .O_PBC."yﬂt?ﬁ’ BE’B’Q!;P#/%‘? pf?f@_r%‘_?-epar ation
O B doubl e et ATy RiBer &aiahy Hholdanat et bRy RiyBther AR L s1 10 the

steps of: (a) reacting, ueous sol utron, ast“one netal salt,
(i) with atpreparsd bytherproedssogfdhe geesamt invention ieinghe sangefrom $00 0 an

cal't. & bi 1 el6E008 SR prederebiv T WL b Gl iofe praterabli gt Bn: “and
(b) treati ngqubgogyﬁaensi on with at | east one pol yether and at | east one 10

bile acid, bi salt, bile acid ester or bile acid amde. 9. A process
accordi 1§ t o C ai The3polfyadditien can erdagiiedjoutheondinepyslyior discpntisudusiy,ng t he

catal yst from suspension after. . (d shing the isolated catal yst; and
(e) drying t(ﬁeg'i"%g@%%'&t%'@%&%ﬁ@_{ogﬁsgocess for the production of a

pol yether polyol @ycdusa orthéiPsyAfichhthPiicRiasal artitin), ehe DMC ¢at §of starter
conmpound cont ai ni ng active hydfogen datonms in which the polyaddition of the

al kyl ene oxithe preserdrinkentiod can biehusestindew conoentrationsd@dbipprmendlessyani de
(aa;?:ny%' OT Ap%saeidr%nlthelalmo@ntp &lﬁ/o?);ert]ﬁér ;?o(?)llc}i ?(l) bBrp‘?BS‘ér%%).an t”éeprgﬁgr%aﬁ of
20 of polyurethanes, if a polyether polyol is prepared in the presence of the
DMC catalyst according to the present invention, the step of removing the
DMC catalyst from the polyether polyol can be omitted without adversely
affecting the product quality of the resulting polyurethane
(Kunststoffhandbuch, Vol. 7, Polyurethane, 3rd Ed. 1993, p. 25-32 and 57-

25  67).

30
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I-EPV$’; u{ upkf a\ W ca] ca] ca] ca] ca] ca] c*a] ca] c*a] ca] ca] cMa] ca] ca] ca] c”a] calc”a]c
U]aL,(EZ} g"giﬂcgﬂ;_&]ﬂm%ﬁ%ca] c:aq) R OEP_ej & I M {, w wgl gb] X] ] ca] ca] ca] ca]
ca] c”a] ca] ca] caJ ca] ca] cal ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca]ca]ca]ca]ca]ca]c
ajcalcalca]calF
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cal] ca] ca] ca] ca] ca] ¢c™a] calcaD] ca] ca] ca] ca] cal cal ca] ca_] cal.ca] ca ca]| calcalcalc
a] ca] ca] ca! 7RmEparatin oF3 fcakyst withaa polyether and a bile acid salt (Catalyst
; <Mk<=>} xsni ﬂ .Zi d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] c”a] caV] caTca] c”a] caV] ca] caV]ca] ca] ca]ca]ca] ca
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a] ca] ca] ca] ca] ca] ca],c”a] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca]ca]c”a]ca]ca]ca
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Jctal cal o ahe Miiealabeard GRbRAIsP s el iRl aitkpahashcal cal cal
SSSSTWWKXYYW4E[fafni@dR" initne8iately thergafieiRa mixtirs ©f 50 ]dtekebutahal\ aNd 5T g

e
cMaa- aauc v FblrhiRl A Wikt B % e ca) cal ca
]U]Cgl\ ;?]c:;‘ii &Lﬂafgldthc;m}mbgc;\};iég%;oﬂgj:zf \?/eig%?of 2,%08 ('(':poI)(/:par?c{)S;lilengl E(I:ycol

+l =121 Bl D _| ql Ll fromrrs, sstt>uuuydyvvvvvg val gl wr AYSKE ] cMal ca) cal
ca] ca] ca] ca] Eh&ég]a@g] Pc‘ﬁ]%ﬁﬁ@ﬁ%‘&i"é’&]séﬁ] Xﬂ@ﬁ%ﬁ?@]@%ﬁ’ h"jt'h%q ca] ca] ca
Yo () - b3os Braiargs Mg elsmidite is stired (1,999 PIMY AL % (3 - s3r 0
R TRt re e e T
I %0%ix4x& () s34a b c d. 9% & ()-1 & ()--10% & () -

1011 101! %Efgk?ﬁoz{'“{’) wily 30}@63/)&3?3% 1 %*‘%&é’%g‘r Agistiict ware? 6.5 ¢

110% ()20! 18¥yBrdpyiérid 4198 2000%nd 0.5 g cholic acid sodium salt and filtered

again. Finally, the solid was stirred (10,000 rpm) again for 10 min with a
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mixture of 100 g tert-butanol, 0.25 g polypropylene glycol 2000 and 0.25 g
cholic acid sodium salt. After filtration, the catalyst was dried to a constant
weight at 50°C under normal pressure.

25
Yield of dried, pulverulent catalyst: 4.8 g

Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 11.9 wt.%, zinc = 25.3 wt.%, tert-butanol = 7.8 wt.%, polypropylene
30 glycol 2000 = 22.7 wt.%, cholic acid sodium salt = 3.2 wt.%.
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10: @10% & ( ) - 10Ads8lution,of 1295 & (97 .5omidl)IZinc chloride in 20 mi distilled water
was added to a solution of 4 g (12 mmol) potassium hexacyanocobaltate in

70 ml distilled water and vigorously stirred (24,000 rpm) until a suspension
was formed. Immediately thereafter, a mixture of 50 g tert-butanol and 50 g

10 distilled water was added to the suspension and the mixture was then
stirred vigorously (24,000 rpm) for 10 min. A mixture of 1 g polypropylene
glycol 2000, 1 g tert-butanol and 100 g distilled water was then added and
the mixture was stirred (1,000 rpm) for 3 min. The resulting solid was
isolated by filtration, subsequently stirred (10,000 rpm) for 10 min with a

15  mixture of 70 g tert-butanol, 30 g distilled water and 1 g polypropylene glycol
2000 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 polypropylene glycol
2000. After filtration, the catalyst was dried to constant weight at 50°C
under normal pressure.

20
Yield of dried, pulverulent catalyst: 6.2 g

Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 11.6 wt. %, zinc = 24.6 wt.%, tert-butanol = 3.0 wt.%, polypropylene
25 glycol 2000 = 25.8 wt.%.
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The procedure was as set forth in Example B, however, a cholic acid

sodium salt was employed in lieu of a polyether.

Yield of dried, pulverulent catalyst: 4.2 g
10
Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 12.6 wt.%, zinc = 27.3 wt.%, tert-butanol = 10.9 wt.%, cholic acid
sodium salt = 4.3 wt.%.

15 Preparation of a polyether polyol:

General procedure

50 g polypropylene glycol starter (number average molecular weight

of 1,000 g/mol) and 5 mg catalyst (25 ppm, based on the amount of

20 polyether polyol to be prepared) were introduced into a 500 ml 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 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

25 observed. This accelerated drop in pressure indicated that the catalyst was
activated. The remaining propylene oxide (145 g) was then metered in
continuously under a constant overall pressure of 2.5 bar. When metering
of the propylene oxide was complete and after an after-reaction time of 2
hours at 105°C, volatile contents were distilled off at 90°C (1 mbar) and the

30  mixture was then cooled to room temperature.
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extended base line of the curve. The propoxylation times, which were
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
10  metering the propylene oxide. The total reaction time was the sum of the
induction and propoxylation time.

Example 1
Preparation of a polyether polyol with Catalyst A (25 ppm):
Induction time: 135 min

15  Propoxylation time: 19 min
Total reaction time: 154 min
Polyether polyol:  OH number (mg KOH/g): 29.8
Double bond content (mmol/kg): 7
Viscosity 25°C (mPas). 843
20
Example 2 (comparison):

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

25  Induction time: 100 min
Propoxylation time: 110 min
Total reaction time: 210 min
Polyether polyol:  OH number (mg KOH/g): 28.1
Double bond content (mmol/kg): 7
30  Viscosity 25°C (mPas): 849
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5
Induction time: 217 min
Propoxylation time: 33 min
Total reaction time: 250 min
Polyether polyol:  OH number (mg KOH/g): 29.6
10  Double bond content (mmol/kg): 6

Viscosity 25°C (mPas): 855

Catalyst A, which had both polypropylene glycol 2000 and cholic acid
sodium salt as the complexing components, had a substantially higher

15  activity than Catalyst B and Catalyst C, which had only polypropylene glycol
2000 or cholic acid sodium salt as the complexing component.
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polyether, a bile acid, a bile acid salt, a bile acid ester
or a bile acid amide;
c) at least one polyether;
d) at least one bile acid, bile acid salt, bile acid ester or
10 bile acid amide.

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

15 (1.

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

5. The double-metal cyanide catalyst according to Claim 1, wherein

20 the organic complex ligand is tert.-butanol.

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 polyether ¢) and the bile acid, bile acid salt, bile acid

25 ester or bile acid amide d).

7. The double-metal cyanide catalyst according to Claim 1, wherein
component d) is a sodium, lithium or potassium salt or a methyl or
ethyl ester of a cholic acid, a glycocholic acid, a taurocholic acid, a
deoxycholic acid, a glycodeoxycholic acid, a taurodeoxycholic acid,

30 a chenodeoxycholic acid, a glycochenodeoxycholic acid, a
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acid ester, or a bile acid amide, to form a suspension; and (b)
treating the suspension with at least one polyether and at least one
10 bile acid, bile acid salt, bile acid ester or bile acid amide.

9. A process according to Claim 8, further comprising the steps of: (c)
isolating the catalyst from suspension after (b); (d) washing the
isolated catalyst; and (e) drying the isolated catalyst.

10. A process for the production of a polyether polyol by the

15 polyaddition of an alkylene oxide onto a starter compound
containing active hydrogen atoms in which the polyaddition of the
alkylene oxide is conducted in the presence of the double-metal
cyanide catalyst of Claim 1.

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



