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CATALYTI C HYDROLYSI S OF ALKYLENE OXI DES The present invention
relates to a process for the preparation of alkylene glycols by
reacting an alkylene oxide with water in the presence of a catalytlc
conposi - PR, 5 Al kyl ene glycols, in parti cRffi4fFo8/7014
nonoal kyl ene gl ycol s, are of established comrercial interest. For
exanpl e, monoal kyl ene glycols are bdinmg used in anti-freeze

conposi tions, as solvents and as base materials in the producti on of

pol yal kyl ene terephthal ates e. g for fibres 10 or bottles.

The production of al kyl erf®TgyeéF sHEYRPLYHTSH OFhASBYLENE OXIRES of ysi s of

al kyl ene oxide is knomm The hydrolysis is : perforned wi t hout a

catal yst by addi ng a ess _of 25 nol es of

wat er per mole of al §Sf§ IV Eﬁ}a$gfht%.%ré%9%§s %8§s§h%f wat er

in a catalytic preparstyisiremf IEEyleﬁnngkymdis bgnsedetiady tah h@kglene

nucl eophilic titution, cti reby_openinng.of the al kyl ene
pxide L{pst W 9 @F} %se‘é@ ? ga@aly%mgeggﬂgg S5}he

oxi de ring occurs, Wat'er actlng 38 e nucleoph

primarily fornedtngnoalkylene gl ycol also 20 acts as a nucl eophile, as
aruleamgxture of ‘ene glycofl kyzlr?@)%r@ )5895 x%x%eﬁ 'é%e%ig%lé‘,”d
hi gher al kyl ene g ycols Is forme I'n order to In ease e

sel ectivity aret of fstGkikyhefdecemarsiiali interageesEan wxaspdappr ess t he

secondary reacti ond£t MERihet a@yemgmwe Peq ?Chséﬂd.nﬁ %&Mreezal kyl ene
oxi de, which conpetes with th gﬂg SIS 0, yl ene oxi de.

One effective me ﬁ%p?%ﬁtﬁﬂngpr8§s ?@@oﬁaap§se natesd acPi Bheis to
i ncrease the rel atbsrecaimumtt pblywalleylene terepptbBskbates re.ighe foeaciboss
m xt ure. ﬁ; t houggrtgéttlrg%a.sur e
The production of alkylene glycols by liquid phase
hydrolysis of alkylene oxide is known. The hydrolysis is
performed without a catalyst by adding a large excess of
water, e.g. 20 to 25 moles of water per mole of alkylene
15 oxide, or with a smaller excess of water in a catalytic
system. The reaction is considered to be a nucleophilic
substitution reaction, whereby opening of the alkylene
oxide ring occurs, water acting as the nucleophile.
Because the primarily formed monoalkylene glycol also
20 acts as a nucleophile, as a rule a mixture of mono-
alkylene glycol, dialkylene glycol and higher alkylene
glycols is formed. In order to increase the selectivity
to monoalkylene glycol, it is necessary to suppress the
secondary reaction between the primary product and the
25 alkylene oxide, which competes with the hydrolysis of éhe
alkylene oxide.
One effective means for suppressing the secondary
reaction is to increase the relative amount of water

present in the reaction mixture. Although this measure



- 2- i nproves the selectivity towards the production of the

nonoal kyl ene glycol, it creates a problemin that |arge ’ anmount s of
wat er have to be renoved for recovering the product. 5

Consi derabl e efforts have been nmade to find an alternative for

i ncreasi ng Wipyrsesti on selectivity wi t hout havi ng pca/messprensl ar ge
excess of water. Usually these efforts have focused on the sel ection
of nore active hydrolysis catalyst€ and various catal ysts have 10
been di scl osed. Both acid and al kali ne hydrol ysis catal ysts have
been i nvéBPrgatedhenserepyivitndiavdrdppehe Rirduatienycé dhe

aci d catal ysts RBRASALCIBF1 e g a6l | Ot radeatwist Aopitoblem in Thaki Laggant |y
affecting the sel ecti w({/ﬁy, wher eas bQ’ Si ng 15 ¢ al kal i ne catal ysts
general |y | ower 2B8PRES Q6 MaggrwPeke to be rEpeped:£e%h 195QVASABY %‘/%/ene
gl ycol are obtapneduct. Certain anions, e.g. bicarbonate (hydrogen
car - bonate),. bisul phite, ( 0 syl phi or e_and

nol ybdat e5 are knomc?%SLe%I%%?F abg%g{:sa?‘ ;al%ft ggggcrﬁ?e%?tf ifrg?%oafﬁil terns of
al kyl ene oxi de edheensiore £od $pteeasingd \the reactigwardsardnéaykyl ene

gl ycol . However ,whggud N 32l 8o0hse a lardd183€edll HAS/AIE UpgHadty L e

catal yst in a honbgeneous system “work-up of the reaction product by
distillation  thesegfforfssdayepfoptian KocihgeSelrcian £IarerBoor |y

soluble 25  LBtihe WorlysaBdchearydtas FRkevhtisecaRllvdrs have
Hi gh conyersi ons, go{gg sel ectivity and a | ow wat er / al kyl ene oxi de
rati o cal’ be obP&FReFTH1IChe process, disclosed in EP-A 0 156 449.

According to this Both adddcamgnalkihmeygriabygsbs ofatallpsitenbaoxilskesn i s

carried 30 out in.the pr of l.ectivitys-enhancin al ate
ani on- cont ai ni n@jnﬁﬁfg%?%%&pgggggg%@t 3”0210% %E 3?/% ntg]narlc U Ude Bk
el ectroposi ti veacodptaid uptsi eebahees ritheafrieiagkign f pate hd thout nmet al at e

ani ons. The Saigiéﬁk%f&iﬁ%ﬂy’%E%Eé@iﬂga{héﬂyéigctivity, whereas by using
15 alkaline catalysts generally lower selectivities with
- respect to the monoalkylene glycol are obtained.

Certain anions, e.g. bicarbonate {(hydrogen car-
bonate), bisulphite {(hydrogen sulphite), formate and
molybdate are known to exhibit good catalytic activity in

20 terms of alkylene oxide conversion and selectivity
towards monocalkylene glycol. However when the salts of
these anions are used as the catalyst in a homogeneous
system, work-up of the reaction product by distillation
will pose a problem because the salts are poorly soluble

25 in the glycol and tend to make it semi-solid.

High conversions, good selectivity and a low
water/alkylene oxide ratio can be obtained with the
process, disclosed in EP-A 0 156 449. According to this
document, the hydrolysis of alkylene oxides is carried

30 out in the presence of a selectivity-enhancing metalate
anion-containing material, preferably a solid having
electropositive complexing sites having affinity for the

metalate anions. The said solid is preferably an anion



- 3- exchange resin, the nmetal ate anions are specified as

nol ybdat e, tungstate, netavanadate, hydrogenpyrovanadate and
pyr ovanadat e ani ons. A conplication of this process is that the
al kyl ene gl ycol - cont ai ni ng product stream 5 al so conpri

subst anti al WRWH5DHf netal ate ani ons, di spl aced frgﬁf/ﬁﬁ%s%‘mu
el ectropositive conpl exing sites of _ .the solid netal ate anion
containing material. In order to reduce the anmount of netal ate

ani ons in the ale@]{:]&%'ﬁ%e resin, ngﬁéPﬁ'etg gduCin dLare LPLs;fIdLHM i S

contacted with a havi ng ectropositive conplexing sites
associ at ed molyfbdatgni BERISH#ten BeEavap bihgdggIeRRY SV AAATE at e

ani ons. and phlrolagadoan Jfyicnesel tomsiigddiby bhetpi odpedcasacovery
procedure by using water-insolubl e vanadate and rrolgybdaéeﬂlS salts.
However, with tHes&haét Sharlianicnt gaveelrpentaining prPapRb S EeFM i viti es

are signigi cant la) do0\Wekpkhass W tdebstantial hemomitelofs aktbl et aedrad arisss .

In JP-A-57-139026 there is_disclosed met hod. f or .. reacting al kyl ene
oxi de with wat erdlisr?rltaﬁgdp?’é%’%nt(c:"ee e§%§8p°51t3hva ()Cé’énﬁlfei’/%re’gasnf‘%ﬁé e&qfchange
resin and i nt rtgua:m«opriesaetalate anionof:on’aaboingjin@ﬂeméa_l. In order tdn

R O 2001901 11 | 8yl BhE0aRind R nlR81008 Mions in thfll SFkPPUL has Lhe

di sadvant age of rmatiron o onates in the reaction mxture
which are diffi calitcalopzsduct stgemmat Ehipoptiern gisy consashedctbimt of the

closenesggof 50130 WAGERgPOIddIDRRERESe JOiS1 38IQNE1RUE! hSaddQlted

di scl oses ~as its invention the perforpance glf thedal ké/l ene oxi de
hydrol ysi s react¥igh ianigns wrich SdGudRpdasrakig RxsiteR said metakats or (s)!
(continuous reacddidh)s. in the presence of 30 | ani onite' (anion
exchange resin of the quaternar anmonj um t 3}) iR bicarbonate form
and carbon di oxi de. It Ras besl*héyre?sogﬁfii 5P 8 ”?riel'r.gnngég fﬁg?ﬁ% ’?%?or?'eerr,y
Japanese, procedure by using water-insoluble vanadate and molybdate

15 salts. However, with these metalate anion salts the

obtained selectivities are significantly lower than with
the water-soluble metalates.

In JP-A-57-139026 there is disclosed a method for
reacting alkylene oxide with water in the presence of a

20 halogen type anion exchange resin and in the co-presence
of carbon dioxide.

In RU-C-2001901 it is pointed out that the former
disclosure has the disadvantage of the formation of
carbonates in the reaction mixture which are difficult to

25 separate from the glycols on account of the closeness of
their boiling points. This patent publication discloses
_as its invention the performance of the alkylene oxide
hydrolysis reaction in one or a sequence of ‘extrusion
reactor(s)' (continucus reaction), in the presence of

30 'anionite' (anion exchange resin of the quaternary
ammonium type) in bicarbonate form and carbon dioxide.
The essential difference with the former, Japanese,

patent publication appears to be the use of the bi-



patent publication appears to be the use of the bi-

-4- carbonate form of the ani on exchanger instead of the’

hal ogen formthereof. And yet, the Russian patent does not di spense
with the addition of carbon dioxide to the feed. 5

Accordi ng t ow¥@s25sx0559, the presence of carbon di p¥trAPosiforlhe feed
Is detrinmental to the catalytic ef fect of bicarbonate-exchanged
resins of the quaternary anmoni um-t4pe. In this docunent there is

di scl osed a process for the preparation of alkylene glycols wherein
10 an al kyl e¢arhpriagde formezftttde whihnvwexehangert hospeagdepteche of . a

catal yst CO”F’OS'ﬁél%e%o'fﬂﬂnstt’i&é%tsohhg Wﬁert{&l Russian Bé‘i’ér‘i‘& dys Or nore
el ectropositive sites, which are coordinated with one or more anions

ot her than netaI%RQadlSPensedWl?ﬁﬂqﬁjeﬁdéthﬂ% ohidarbrRe dppride & HaXe when
the solid 15 td@ferial is an anionic exchange resin of the quaternary
annnnlunttype and the anion is bIC% 988%&? the process is per f or med
in the substantial A5SEREERHIEEHDIR yethe Presence of earRgMack shar ed
by the conventi ofizdxialkl @RI €he feed 1semahangentrasmazs the thealytidn ted

tol erance to heat 2 . ractls rocess. of kyle e oxide
hydr ol ysi s ffeaccnccogdf’ﬁﬁa glxgﬁéggeg )f Sl?:lat alfysk‘ osft i'dns

based ~ oremwmign typal hrgat1|50dqgamemhatmﬁmndmﬁclwd a
exchangers it hag, %%%’} feQYNLhe tﬁlaéna%@%nséfeéﬁq&%%%t 'g@?cols where@iﬁxﬂd' tions

(high tenperature | ong Service) t sel éctivit
convent i dfal res@RtQ%ﬁﬁéﬁnéa?%}Q%t%ﬁ reaCted Y%ﬁhk¥495rdéPth6rEﬁ%ﬁ%ﬂ9@ongIy

while their actiysty datalyst com;easqrh@ﬁhaaﬁpﬂlsmg a solld mMe&Fiayclic
chel ati ng conpounds are known - March in

Advanced Or gani ch&HEIE SPFyCT TRFe éieﬁ@éEP?ﬁﬁElvﬁﬁg;ﬁﬁﬁvsH§15$CP¥§l'uctures

4th Edition 1992coordinated with one or more anions other than metalate
or halogen anions, with the proviso that when the solid
15 material is an anionic exchange resin of the quaternary
ammonium type and the anion is bicarbonate the process is
performed in the substantial absence of carbon dioxide.
A drawback shared by the conventional anionic --
exchange resins is their limited tolerance to heat. In
20 practising the process of alkylene oxide hydrolysis
according to WO 95/20559 with catalyst compositions based
on conventional organic quaternary ammonium ion
exchangers it has been found, that under severe reaction
conditions (high temperature and/or long service) the
25 selectivity of the conventional resin-based catalysts
tends to deteriorate strongly while their activity is
even enhanced.
Macrocyclic chelating compounds are known - see for
example J. March in Advanced Organic Chemistry;
30 Reactions, Mechanisms and Structures, 4th Edition 1992,
pp 82-87 and 363-364. They have the property of forming
complexes with positive ions (cations), although they can

also complex neutral molecules. They have a regular



pp 82-87 and, 363-364. They have the property of form ng conpl exes

Wi th positive ions (cations), although they can al so conpl ex
neutral ol ecul es. They have a regul ar

- 5- organic ring structure containing a plurality of hetero-

atons such aWOA%33&h, nitrogen or sul phur. They can be PCT/ERSRSScl i c,
bi cyclic or cycles of a higher order. The bondi ng of cations in

t hese conplexes is the result of 5 i on-di pole attracti ons between the
het er oat ons and _th pgﬂp

het eroatons in f%ggnlc rln%%gzghitég%le?er rﬁl-rﬁggatﬁeggl ndi n? st reng?ﬁ and the
si ze and ashmpeswoth tafe oxageny RicirQgemes thtPhvns They gaot bal

mol ecul es) Wh'CQ0539y9fléxnﬂﬁ$yéIQ§ RPN @£l 8 ﬁﬁ&ﬁé%idyaer thBe host and
the ion is the %uest OM ng to their shape nd size, the ability of
the host nol ecu é§d%69b@$uFatl°ns 1@u%&ﬁ%?|99m§ﬂﬁ§ﬁsvb? QﬁxﬁﬁsPﬂE °&nabl i ng

the host 40 pul ljon-dipolé Lbi{tr@&‘ﬂlﬁﬁélﬁtﬁem&leCHEEemﬁtdﬁs andi Xhyre.

The best known macrocycljc chelating co unds .a t hose.wheyein al

or most of the REPEFLSE ol % dRYRygENE nimbet of, %hﬁl????ﬁﬁﬁﬁpmfhé CE%

et hers wherein mbeethDg Sdtdreiimed the blndung Bmmedgnnnandnuﬂe Gderosydl i c)

Chd LR, STYPLANGRaB0Che the cayity, BOERIMLSRUCIULE |8 WlURGad) TENS N2l
0

(bicyclic, Frlcy ic efcC e cav he nacrocycle is 20
spherical the nobdeghtesks whﬂdheGaSpherknnhd-O@hermhgr@cycle is cajdefic types

are the ﬁ@' | Xar @R8Sho fyawmwg%n is the gd@%m SBhergnes @ﬁqrp@.ngaeds

Crown ethers are usually denoted by their total nber of “atons and
nunber of het er @afofitzen e abiddtyost the figpd ?85%??%%&%ﬂ%;hﬁﬁ€n present .

Exanpl es are uestsls CE O 4ele )spé@:ﬁi&\/\ﬂ'én5bﬁ.1hb)t)@éld\d$tc)t©| paexano- 18-
crown-6 (111) n exanple of a ca | xarene 1s %fte %ixture.
butylcallx(4)aréﬁét(95‘e cation ox mo
The best known macrocyclic chelatlng compounds are
15 those wherein all or most of the heteroatoms are oxygen,
in particular the crown ethers wherein the ring structure
is two-dimensional (monocyclic) and the cryptands wherein
the ring structure is three-dimensional (bicyclic,
tricyclic etc.). When the cavity of the macrocycle is
20 spherical the molecule is called spherand. Other more
exotic types are the calixarenes, cryptophanes,
hemispherands and pondands.
Crown ethers are usually denoted by their total
number of atoms and number of hetercatoms in the ring,
25 plus substituents when present. Examples are
12-crown-4 (I), 15-crown-5 ( II) and dicyclohexano-18-
crown-6 (III). An example df a calixarene is 4 tert-

butylcalix(4)arene'(V).
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Crown et hers have been used as phase
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Crown ethers have been used as phase transfer
catalysts, i.e. for getting a reactant anion of & hydro-
phylic compound into the organic phase where it can react
with a substrate. For example, a salt like KCN is con-
verted by dicyclohexano-18-crown-6 into a new salt (IV),
whose anion CN™ is the same but whose cation is much
larger, having its positive charge spread over a large
volume and hence much less concentrated. This larger
cation is much more attracted to organic solvents. Though
KCN is generally insoluble in organic solvents, its crown
ether complex is soluble in many of them, making its

reactions in the organic phase possible.



catalysts, i.e. for getting a reactant anion of a hydro- phylic

conpound into the organic phase where it can react with a substrate.
For exanple, a salt like KCNis con- 5 verted by

di cycl ohexano-18-crown-6 into a new salt (1V), whose anion CN- is

t he sanme butWQWsmsesdcation i s nuch | arger, having itBCHEB®OIAE char ge
spread over a |arge vol ume and hence nuch | ess concentrated. This

| ar ger cation is nuch nore attracted to organic sol vents. Though 10

KON i's generally insglyble 4 n,ar gagic i@i\)’a%@n% olet Ep<e 150 643, et her

conpl ex is soluble i'n many dftl’\ Tons ‘in the
organi ¢ phase pdssirsl és dlsclosed a Process for the gsepanaax@n gif7 a

equi val ent of EfRyB:08x199% 84 contalnlReeéﬁcdfyﬂ'tsiﬁhoé?gd@ct?r&f:%”h’s for the
preparation of a % drox group cont ai'ni ng al koxyl ati on product of

an or ganl%fgééllﬁoﬁ??’?‘txya}dﬂd acyfdy cﬂhﬁ}bweéénﬁﬁ?‘?‘%%s?%aﬁqmng

an organi § cConmpQwN@rganidi dinibuald beAshiRNey GA DNeX¥t one carld:gup With an
al kyl ene oxide in an aIk | at.ion react| resence of a

phase transfer GXCHPy¥Lth alkylenecai"a‘??/sltn a&%ﬂﬁ#@% HERAE 1% al |
met al conpound whi &he presendrtasafuadphgs)életfarrmm:ebbealy@ﬂpl'erfor mat i on.
Here the 10 rogln ma éom léslgg to Qhase L3 nsfeg g basi c, al kalhl

nmet al al koxyl at iGrecdfal s¥ P 515 as now bee ?o%ncflc%hht

i ndependent |y f hem anylergone criomne pther cadrapyax cfocmaphase Hemndfterri ng
effect ofgthe = croim a@ﬁé,ﬁclysc'ds%dckasl Bhi 80 COMAURdene hEY1 £ A sconpl exed
to 15 good effect Wt | ene oXi de hydrolysis catalysts |

hom)geneous as \R@Itlalaélkﬁx%@tfelroé‘géﬁé%gs%ystens I n hono- geneous

systens they providet hssa:wrﬂe@gefaﬁn@a@we, mdepenaeﬂaiﬁtf%@?@

recirculation and in het ero%é?eous sgg provi de_the

advant age of nucdithgr&atefatHefhg 2o ases’i%&}ﬂ%qetrﬁlf’ﬁaﬁ A5t R hdFhenown

bef ore. macroteliaveidliaai nghevrpotsdgr Mhiegesan Pe ocansl xad teloe
15 good effect with alkylene oxide hydrolysis catalysts in

homogeneous as well as in heterogeneous systems. In homo-
geneous systems they provide the advantage of easier
separation and recirculation and in heterogeneous systems
they provide the advantage of much greater thermal

20 stability than anything known before.

The invention therefore provides a process for the
preparation of alkylene glycols by reacting an alkylene
oxide with water in the presence of a catalytic compo- -
sition comprising a macrocyclic chelating compound

25 complexed with an ionic compound the anion of which is
catalytically effective under the reaction conditions.

The macrocyclic chelating compound is preferably
selected from the group cf crown ethers and cryptands.

The catalytically effective anion is preferably

30 selected from the group of halogenides, carboxylates
having from 1-20 carbon atoms, hydrogen carbonate,

hydrogen sulphite, hydrogen phosphate and metalates.



preparation of al kylene glycols by reacting an al kyl ene oxide with

water in the presence of a catalytic conpo- sition-conprising a
macrocyclic chel ati ng conpound 25 conpl exed with an ionic conmpound the
ani on of which is catalytically effective under the reaction

condi tions The macrocyclic chel ating corrpounq,cll.&},gg;ﬁ&gr abI y
sel ected fromtﬁe group of crown ethers and cryptands.

catalytically effective anion is preferablgy-30 selected fromt he group
of hal ogeni des, carboxyl ates havi ng from 1-20 carbon at ons,

hydr ogen carbonat e, The cationhydyogeit=4lypbit ehatysh egen1ra0s phat £ ,and
net al at es

. . e cation.,may suitably be_that of an
alkali metal, 20 alkaling I?glritﬂem%té?fh e arﬂb%ic%‘r%l%?hgfc ¥ ce of the
cation i s not ccaticalid grott heitia@:al yiar thkef ectabjtitchceffect of ath®n. On the
ot her hand, si nggngxeré/? r’@\%rggxgl:llgand's si gyipqng %ﬁ)eg%lve for one or

averyllmted nu 0|ceo cation w |
determ nedt he Compou%%o}%éeé?vthée nﬁ?:rr o"@?clorca Coio Uradd pdunninetbe s ol d

preferably be U%Q@lo;@Usﬁhé"’@:ﬁBlEQeoﬁaéﬂé)%a't§o§Oﬂiﬁnd%rtermlne tr&l cium a
suitable crown ether is 15-crown-5

(1,4,7,10, 13- peﬁf‘alﬁ‘ka‘(’:g/cq}tﬁ’pé‘ﬁfzéﬂ%%%\lrfé) coffiPPRRf f $hi'rhahy should g et her

15-crown-5 or 13rerewsvYy (ck ﬁdelofﬁﬁr&hen the c#xiasyGlsodedeeansy and with
potassiumit is 1 10, 13, %{ hexa %xacycl ooct adecane) .

The anount of cﬁ?i?ﬂ"f‘c asrﬂ%ﬁbﬁge‘d’g?w {41EHr de t he present
i nventi ohowil |l gemrallq/, Jtﬁepbetweema@{d](bbeamddecane) , thhpﬂétleiwbli)m bet ween

0.01 and 0.1, REERIP1 eroun—s or ARG X1 1% 7, 42206 LD Lhe T eactor.

It wll be understoo ‘e relative amount macrocyclic
chel ating corrpoeﬁécmbloql%iﬁ@né(bn?@@ln@%@d’tﬁésm it ipaRE-gpovnebcatal ytic

conposi tion w | lg1dgepenth o, ikehexa-oxacyclooctadecane) .
The amount of catalytic anion used in the process of
15 the present invention will generally be between 0.001 and
1, preferably between 0.01 and 0.1, mecl per mol of
alkylene oxide present in the reactor.
It will be understood that the relative amount of
macrocyclic chelating compound and ionic compound used to
20 make up the catalytic composition will depend on the
specific cation and anion chosen. Thus, when a monovalent
cation is used with a monovalent anion the relative
amount of macrocycle and catalytic anion will be suitably

equimolar (1:1 mol). If however a divalent cation (e.g.

25 Ba2+*) is used with a monovalent anion (e.g. formate;
HCOO™) the relative amounts of catalytic anion and
macrocyclic chelating compound used is suitably 2:1 mol.
And in certain situations - when one cation is held by
more that one macrocyclic molecule - a molar excess of

30 the macrocyclic compound will be preferred, e.g. to the
ratio of 1:2 or 1:3 mol. Amounts of either the macrocycle
or the anionic compound which are in excess of what is

needed to form the catalytic composition are not



specific cation and ani on chosen. Thus, when a nonoval ent cation is

used with a nmonovalent anion the relative anmount of macrocycle and
catalytic anion will be suitably equinmolar (1:1 nol). If however a
di valent cation (e.g. 25 Ba[err]) is used with a nopnoval ent anion
(e.g. formatwe 9923053 HCOO-) the relative anounts of cat aPGUVERS&MIYN and
macr ocyclic chel ati ng conpound used is suitably 2:1 nol. And in
certain situations - when one cation is hefd by nore that one

macrocyclic nol ecule - _a | ar_ excess o{; 3%} he macrocyclic c ound
will be preferré?frté'.cb‘.lafg?t‘ﬁ%tnmen al tart e&ydtfzogygﬁ‘sl]::§x%}9n’A rH&"nts of
either the macramesi e#ill have my advandageni ¢ conpound which are in excess

of what is eded 0 t t, kL e, not
o- ar ti cullBh SoRR ST epERb phY | ify ARTRATAEN M pse 10|
they will have rpregdavradt hyesimply adding theledis eempoaenbedi hee t dhehe

I nvent i-Ongmay bGracrocyciRECPREAL 1Y ShABbYnadHdd Hehghli £t Won CORPONENt s,
i.e. the macrocycl 1 c chel ating corrgoun,d and the salt, in the
8

required respectiemicodc EREPRETIE GINGSREFTEHAN 50 dhiSehvent 1n whiqh are

sol ubl e. Sui t ablpptr hgeSebyehie | SuMREBLYOr the solvedithykenetgtyspl because
water is a reactant int hf et hyl epe oxi de Q}ydrtol ési.s geact i on and
ethyl ene gl ycol §hyi@ne glygal Repansge water is a repctaph ij ve, when the
conpl exes are uséthylene oxadeohghng yisdst heaptiwenind rréglena aebyaihyisene
oxi de 1 hydr.ol ysi s c%t al ysts in a honbgeneous reaction system

their mai rq advan’t%sg r(?\?é’f: non- conpl exed catal ysts lies in 15 t he
separation step fol [Aenistgteticabeent wban thet¢enplksxss are usedthis conpl exed

horbgeneous cat a%é’éérﬁ@% bg sRPBARKAL inventi& ald \W&hy18881 byidecause the
conplex is soluble 1n the feed as well as in thé product. After
separation, the hydrolysis catalysts in a homogeneous reaction system

their main advantage over non-complexed catalysts lies in
15 the separation step following the reaction. In that case,
this complexed homogeneous catalyst can be separated
relatively easily bécause the complex is soluble in the
feed as well as in the product. After separation, the
complex can be recycled or it can be regenerated. For
20 regeneration, the original macrocycle can be recovered,
e.g. by absorption on acid-washed alumina or silica
followed by elution with a volatile hydrocarbon, or with
the help of a non-ionic compound which has a greater
affinity to the particular macrocyclic compound. Examples
25 of such non-ionic compounds are acetonitrile
{US-A 3.997.562), nitromethane (EP-B 0 013 444), dimethyl
carbonate and dimethyl oxalate (EP-B 0 000 218). The
macrocycle-nonionic bond can be broken by flashing
(distilling at reduced pressure) the nonionic compound
30 off, leaving the pure macrocycle.
As also stated above, when the complexes according to
the invention are used in a heterogeneous system, i.e. on

an inert support, their main advantage is a much greater



conpl ex can be recycled or it can be regenerated. For 20 regeneration,
the original macrocycle can be recovered, e.g. by absorption on

aci d-washed alumina or silica followed by elution with a volatile
hydr ocarbon, or with the hel p of a non-ionic conpound which has a
greater gnity to the particular macrocyclic co npl es
25 of su?:vr?gr%g%](&s oni ¢ conpounds are acetonitrile me?%g’%%g
3.997.562), nitronmethane (EP-B 0 013 444) ,ydi_net hyl car bonat e and
di met hyl oxalate (EP-B 0 000 218). The macr ocycl e- noni oni ¢ bond can
be broken by fl ashéngl stabilifylitddnd khag 8t freducad eRLBSEYE Y4} NONI ONi C
conpound 30 of f, leaving the pure macrocycle. As al so

stat ed above, WherPs he conpl exes according to ~ the invention are
used in a heter ogeneltms:efyseeniniare inportant aspeadt iofethesppposdt their

mai n -advant age | a

- 10 - §rI}1 stag %ﬁ%let eadnctaﬁalyso % the |18?1n°8>%%ﬁan%e°r}

t ype. 5 mqtmsmrfaéﬁé ip rerannerfosprihd mt aﬂatehea;@re&mﬂ
invention the copplaxed eabalySisrantckefRbill S§ae@ce<ar frém the L#&;ogl gor at ed

in an inert solid support material. Pre- ferab ¥
material is sel e‘b@e‘d‘ofrrg@ﬁﬂﬁh‘équ%%ﬁé‘d organic golyRer§an 6%%6@5‘9 and

organi ¢ pol yner Sexal?zﬁ;ﬂfe&r algl Enorganlc oA a8B! £e ofi 1RGN, JaNLALIAX] S AHE

silica, alum na, ‘:[é# ag) Zi rconl Pr ef erabl e ex | es of
organi ¢ pol yners? e“f(?onla t Fee 4 Q‘Fyféﬂ’ég ShPh r?§968ll§fa8?§¥' %% 3%Gar i ous
copol ynmen® and pehe garigengaérss canl abheopbtyaseydl stesd.hFarious inert solid

support materi al i ilisi macro ycI and in
particul ar crow’ HHIFE By a?d%fgﬁ&%hee?’nfsgkggg%rlnsa%‘ss&gﬁe us_eé th AVBERLI TE
XAD- 7 and ANBERGHRGM @@liﬂlnsupgorcteg@rtlemedlrn Anal . Chem 63, 1991,

522-525 by E. P. Horw tat8badbf immobilising macrocycles and in
particular crown ethers by loading them on resins such as
i5 AMBERLITE XAD-7 and AMBERCHROM CG-71lms is described in
Anal. Chem. 63, 1991, 522-525 by E.P. Horwitz et al
(AMBERLITE and AMBERCHROM are trademarks). A method for
covalently bonding macrocycles such as crown ethers: to
silica gel is described in US-A 4.943.375.

20 Methods of incorporating macrocycles in polymers were
summed up by S. Smid and R. Sinta in a review article
entitled “Macroheterocyclic Ligands on Polymers” in
Topics of Current Chemistry, ed. F.L. Boschke, Springer
Verlag Berlin Vol. 121, 1984, 105-156. Methods for the

25 incorporation of crown ethers in a polymeric network by
polycondensation with formaldehyde are described in
J. Chrematography 97, 1974, 89-97 by E. Blasius et al.
and in Anal. Chem. 62, 1990, 2283-2287 by T. Hayashita et
al. Methods for the co-polymerisation of crown ethers

30 with vinyl-type monomers such as styrene are described in
J. Macromolecules 4, 1971, 359-360 and 6, 1973, 133-142
by S. Kopolow et al.



(AMBERLI TE and AMBERCHROM are trademarks). A nethod for covalently

bondi ng macrocycl es such as crown ethers to silica gel is described
in US-A 4.943.375. 20 Met hods of i ncorporating macrocycles in

pol yners wer summed up by S. Smid and R Sinta in revi article
entitled "Nd@?3ﬂ§w§§ocyclic Li gands on Pol ynmers" in qu%ﬁw@gﬁ%f
Current Chem stry, ed. F.L. Boschke, Sprjnger Verlag Berlin Vol.
121, 1984, 105-156. Methods for the 25 i ncorporation of crown ethers

in a polynmeric net weistB¥-made immoB@hYSERUISASA! IR Wit Nof oL 4l dehyde are
descri bed in rorrat?g%;%ggymgl 1974, 89- 97 by E B]la5| us et al.
7

. J. Chror ; )
and in Anal . Chétffgrentogplio pherialppuchi fa RPlystyrenesy
Met hods for the garyieityseEhaadi Nivadf, arevpredditly BQing mikidraed RiHaelype

nmonomers such as_,styrene are described i J. cropol ecul_es 4,
1971, 359-360 and’ ,trfgré‘?mis%i% 186y’ Pac tf"yd"?;.“cﬁélp”d}g/‘gw%fg%‘?s Inc.,

- 11 - 5 AmerGusino FenpdeUtaimoiski. sed crown ethers, on and in
different solid suppgrt rial ] p nes, . cryl ates
and silicas, are pr g@?nfgggg%%?g&%k&%ggggn uér)léé%offtd)%g €3 e 1sie:

Super Li g by | BC g&ivaecegeFareddhbgidddngne. solwion ofinkhé cionirk, Ut ah,

USA. e fakakystne Qmgs ;ngfeer%&f %&ie&qnmgtbﬁ% i;%wpe%e&%

can be prepared by adding a solution of the ionic ound to the

solid material JHREACHCAS -t Fer Gre@dengwhen the gedigcpeterigorisesanypl e,

when theigol i d ME18/dtdrens Rith) a croffl ¥kt e enicthmac ooy L1HRT thype of
macr ocycl e and the . atalytically active anion js formate, the
cat al yst ?&‘F&&PFPHC\Y n?a‘ify’ﬁ’@ Bpééﬁrje%l WM e nhre SEWHYRF adding to

the solid suppordorgvsagteousay deuiprepasédain a kdhhigleesép by addiln@r mat e

such as pot assi faqQr e ovyed hj wth t.er.
é%%oqgh suéé%%%;%ﬁ ﬁ§¥ﬁ§?§ ééﬁ%éﬁ%ntﬁg an alﬁgil metal

The al kyl ene oxi used as s eri
formate such as potassium formate, followed by washing
15 with water.

The alkylene oxides, used as starting material in the
process of the invention, have their conventional
definition, i.e. they are compounds having a vicinal
oxide (epoxy) group in their molecules.

20 Particularly suitable are alkylene oxides of the

general formula

R1—CR2——CR3—R4
N\ /
o

wherein Rl to R4 independently represent a hydrogen atom

or an, optionally substituted, alkyl group having from 1
to 6 carbon atoms. Any alkyl group, represented by R1,

25 R2+ R3 and/or R4 preferably has from 1 to 3 carbon atoms.

As substituents, inactive moieties, such as hydroxy
groups may be present. Preferably, R/ R? and R3

represent hydrogen atoms and R4 represents a non-sub-



process of the invention, have their conventional definition, i.e.

t hey are conpounds having a vi ci nal oxi de (epoxy) group in their

nol ecul es. 20 Particularly suitable are al kyl ene oxi des of the
general fornula [err] wherein R err] to R err] independently
represent ahyeyR¢8n atom or an, optionally substi tpsrachos/edoksy! group
having from1l to 6 carbon atons. Any al kyl group, represented by
Rlerr] 25 Rlerr] Rlerr] and/or R errj2preferably has from1l to 3

car bon atons. As substituents, inactive noieties, such as hydroxy

groups nay be pieseftea R4 rﬁr—abkyl ﬁ&fg ]ana[,eﬁeieagﬁctﬂ%[ﬁmb r1, R2,

represent hydrogen atons ‘and R4 represents a non-sub-

;?312 d 4 al | 861 hnd ek ﬁlcair kbpaékynt gfyatrmgaﬂdatdmse preferably, Rerr]
an a r epr esent ragen. at . l.e f suitable

al kyl ene oxi des the ’é?‘&'?leég o Sul%ﬁ:o“{gﬁc?elkgtlﬁi}ﬁe?\’él%exsl ?g)erﬁr%S%yl ene oxi de,

1, 2- epoxybut ane inblude ch&lepexybiﬁanqomnxj'lghycodndIe, Bt 1?repraybutaes and

Bt hed oS- SF PR RRe Sk I SO, SORTECES il
pylene oxide are of partlcular commercmal importance.

As mentioned above, it is advantageous to perform the
hydrolysis of the alkylene oxides, without using
excessive amounts of water. In the process according to

10 the present invention, amounts of water in the range of 1
to 15 moles per mole of alkylene oxide are quite
suitable, amounts in the range of 1 to 6 on the same
basis being preferred. In the process of the invention
high selectivities with respect to the monoalkylene

15 . glycol are often already achieved, when only 4 or 5 moles
of water per mole of alkylene oxide are supplied.

The process of the invention may be carried out in
batch operation. However, in particular for large scale
embodiments it is preferred to operate the process

20 continuously.

In order to obtain adequaﬁe time-yield values, it is
recommended to perform the process under elevated
temperature and pressure conditions.

Suitable reaction temperatures are generally in the

25 range from 80 to 200 °C, whereby temperatures in the
range from 90 to 150 °C are preferred. The reaction
pressure is usually selected in the range of 200 to 3000,
preferably 200 to 2000 kPa. For batch operations of the
process, the selected reaction pressure is advantageously

30 obtained by pressurizing with an inert gas, such as

nitrogen. If desired, mixtures of gases may be used, for



hydrol ysis af the ,al kyl ene oxi des, w thout using excessi ve anounts
of water. In the process according to 10 the present invention, anounts
of water in the range of 1 to 15 nol es per nole of al kyl ene oxi de
are quite suitable, amounts in the range of 1 to 6 on the sarre

basi s bei ng WP&#PBed. In the process of the invention PCT/E
selectivities with respect to the nonoal k%l ene 15 gl ycol are often

al ready achi eved, when onl y 4 or 5 noles of water per nole of

al kyl ene oxide are suppli rocess of the invention may
be carried out iTHP p1e%s %’a’f%‘ff o5& §EFRRP %o?@\?@ annb'é??qec%llér for |arge
scal e enbditagnt snstan®spradmntegle¢1m.operate t he process 20

continuously. Iog foliSdid Hakin ODUAN adQURLELL | O YRltledBhues:

is r ecommended 1o rocess “under e
t enper ature and Eﬁ&é@lﬁiﬁﬁuﬁﬁﬂnhqﬂkwenews catalystsSui tabl e reaction

tenperatuges are genepsghlyi iduthdeadd was 163868 F1AHMBR ter2DAderr]C
wher eby tenperatures_in the range from9Q to 150[err]C are

preferred. The r@é&?nlbnmetal saltprasMiEtpte (R &lkglicretaleFalt/EREWR ange
of 200 to 3000, ether) anPrefteralliyo0® 56 2000. kit dJa@tapaligd gfedt i ons of

t he proce t he ele ted reacfio ressure i s advapt ageoqusly 30
obt ai ned by press 3’??‘?%‘@1 éﬁg?ﬂe‘ﬂ lgéﬁ Pégessure 34 a(fcbr @n. |If
desired, m xtur eﬁasofemghsxaed Mehebnixseck wraer heated to 100 °C. Ethylene

- 13 - JnoXx d en is in
certain | nst ances a éﬁ%g% 1 H&? fs AL Q&Q %ﬁ&é# q'ﬁ%\%i ﬁgig les will
illustrate the itPPEncbBhH: The reactg(ramx@grg W8S neomsganedusndsat al ysts 5

A 250 m autocl %t%ﬁoﬁ@aéﬁ(}r%bhfépej GRuUakYst 100 °c. ahabkalds Bhal salt
or a mxture of alkali rreta sal f/crown et her) and water (1009,

5.55 nol ). The F3S®4F WA YRkegedor analysig pyn@as fiiayidi Epegatomd an
initial pressurerm@ph900 kPa

15 The results are summarised in the following Table 1.
Table 1
Example Catalyst Amount of EO con- |MEG sel-
No. catalyst version ectivi~-
gram  mmol (%) ty
_ (%)
Comp. 1 - - - 99.2 67.8
Comp. 2 sodium 2.52 30 99.7 85.0
Comp. 3 bicarbonate 99.4 83.7
(NaHCO3)
4 NaHCO3/18~ 2.52/ 30/30 99.6 83.9
crown-6 7.93
Comp. 5 potassium 3.00 30 . 98.6 83.0
bicarbonate
(KHCO3)




was enpl oyed. The m xture was heated to 100 [err]C. Ethylene 10 oxi de

(44 g; 1 nol) was slowy added under stirring (500 rpm. The
reaction m xture was mai ntai ned under continuous stirring for 5
hours at 100 [err]C. An end of run sanpl e was taken for anal ysis by
Gas Liquid Guooymabss- graphy. 15 The resuldcsmrogoreianmari sed
in the follow ng Table 1. Table 1
Exanpl e Cat al yst Amount of EQLé0n- MVEG sel - No.
cat al yst ver si on ectivi- gram
nmol (% ty Table 1 (cont‘’d) _
(% COMBxcadpl talyst | Amount of T | MER s&1-
Conp. 2 Soprample |, Gatalyst Ot T gpEQ) SBE IMEG sal- |,
bi car bonat e No. 99. 4 c8&Balyst version ectivi-
(NaHCO[ err]) 4 NaHC 1/13- . 5& 30 99.16
83.9 crown- 6 jg'E7£"J63 kol %r)rp. 5%9. pot agsi um
3.00 30 99. 6 83.0 bl carbonat ¢ (%)
(KHCO err]) — +4—
Table 1 (cont'd Exgrrpl 6 KHC&Q(%? yst 3'096(rmu3r?t/38f RE Eo| &n? MHG sel -
No . _ dat alcystin-6 VefSion ecfivi-
Comp. 7 potassium 2.51 30 99.7 81.9
formate
{(HCOOK) .
8 HCOOK/18- | 2.51/ 30730 | 99.4 |85.3
crown-6 7.93
Comp. 9 potassium 7.18 30 - 99,6 92.9
molybdate
(K2MoOy4)
10 KoMo0O4/18- 7.18/ 30/60 99.2 95.0
crown-6 15.87 -
11 KoMoO4/18- [7.18/ 30/30 99.5 94.4
crown-6 7.93
12 barium 3.43 15 99.6 85.7
formate
) {Ba (HCOO) 5]
13 Ba (HCOO) /18- | 3.45/ 15/ 99.5 B4.0
crown—6 3.73  14.1
14 HCOOK/tetra- [2.52/ 30/ 97.7 87.1
t-butyl- 19.6 30.2
calix(4)arene
15 lead formate (4.87 15 94.5 86.7
[Pb (HCOO) 2}
16 Pb (HCOO) /18- [ 4.42/ 15/ 99.2 83.1
crown-6 4.3 16.3




gram nmol . (% ty (% 6 KHCO[ err]/ 18-

3.00/ 30/30 99. 4 81.9 crown- 6 7.93 Comp. 7
pot assi um 2.51 30 99.7 81.9 formate

( HCOOK) COO</ 18- 2.51/ 30/30 99-4

crown- 6 yogga&sy potassium- 7.18 30 &3@38/0701492 9
nol ybdat e (K[err]NbC{err]) - 1s1Q Klerr]Mo(J err]/ 18-
7.18/ 30/60 99. 2 95.0 crown- 6 15. 87

: 11 K[ ewd v ever kéé&lon ?mlc&bre@@l 30 99 S 94 4

crown-6 7.93 1%;

f or mat e (ﬁEﬁEﬁ[%ﬁ?ﬁﬁl°n mi§turesE%Rﬁfff?féF?Y?]EﬁamR§§E5F 15/

99.5 84.0 and 3 whereisrown-datalysB. w8s dilskollvedldodiumHEEOK/ tetr a-

2. 5.2/ 30/ ca_,l_x;sbo%ale %Jf oL X xtampli éf:hé::% *Ihe cata 3%6 wa?’so' 2

cal i x(4)arene 86.7
[ Pb( HCOO) Perr]] eodlunablcarhmqaxﬁxqqm@ﬂerﬁqson Qrospy ethst, were Q9.2

83.1 evddPMel at réduted ptlssure (90 °c; 1,5 kPa; about

60 minutes), After evaporation of the water, solid

formation from the NaHCO3 catalyst salt of Comparative

Examples 2 and 3 occurred in the reaction mixtures. In
10 contrast, the mixture resulting from Example 4 was homo-
geneous. Further evaporation (110 °C; 1,5 kPa; about
90 minutes) to remove MEG resulted in a thick un-
attractive slurry from Comparative Examples 2 and 3,
while again the distillation residue from the crown ether
15 catalysed products of Example 4 was completely homo-
geneous.

Examples 17-23, heterogenous catalysts (with macrocyclic

complexing agent on solid support)
Catalyst preparation

20 A complexing macrocycle immobilised on a solid
support ({silica) was obtained from IBC Advanced
Technologies Inc. (Bmerican Fork, Utah, USA), viz
Superlig 512 - Silica (lot number 971230YK-4-56; capacity
0.23 mmol/g macrocycle). Both barium formate and lead

25 formate were complexed on the Superlig.

Barium formate Ba (HCOO)-> on Superlig 512-silica.

70 G of Superlig 512 (silica; 16.1 mmol macrocycle)
was added to a solution of 71.75 ¢ (1 mol) of lithium
formate hydrate (HCOOLi.H50), 5 g (0.02 mol) of barium

30 formate [Ba(HCOO)] and 4 ml (0.1 mol) of formic acid

(HCOOH) in 1 1 of water. This mixture was gently stirred
during 24 h. The solid catalyst was filtered, washed with

°



- 15 - Work-up of reaction m xtures: The crude
reaction m xtures of Conparative Exanples 2 and 3 wherein the
catal yst was di ssol ved sodi um bi - carbonate, and of Exanple 4
wherein the catalyst was 5 sodi um bi car bonat e conpl exed on crown
ether, werewo99n30s3 evaporated at reduced pressure (90 [ RUTERS/AIOE kPa;
about 60 m nutes). After evaporation of the water, solid
formation fromthe NaHCO err] catal yst salé of Conparative

Exanples 2 and 3 occurred in the reaction m xtures. In 10 contrast,
the mixture reswatiefg (BEemmdanpnd driggs akodBQ °C in a vaensn@yenFaer her

evaporation (11054 1 bfis lrexuiPRd fPQWimaterial cMRaThiHges)od dgygnore MEG

resulted in a thick un- attractive slurry from Conparatii ve Exanpl es
2 and 3, bagiPe again the distillation residue fromthe crown ether
15 cat al yseactaor gdumsse b (BroOP) cord S0Psr LoRH 18k yibono-

geneous. Exanpl es 17-23, heterogenous catalysts (wth macrocyclic

conpl exi n§ agent on 78oFi @f SHRSEHLY 512 (siliga 4484t THPL PRGRAHS 12D
A conpl exi ng MaGFRC%akledi £¥8bisbl 6efb®BA 73075 dy (1 mol) SHPPAHiufsSi | i ca) was

obtained from | BC Advance Te | ogi es ) rjpcan Fork, Utah,
USA)I, Vi z forﬁﬁ\é@rW%% (BC%?IFJF'&Q%((?I’O I%u%&? 5‘%%‘0&/ -2£9%6: capacity

0.23 nmol / g macrQayeke) (pBaiddohal i sia fomTay e, anbil)edd 28rmic adi@r mate were
conpl exed on the Superlig, Bari um formate Ba(HCOO) 2 on Superlig

512-sili ca. (HCOOH) in 70 1Godf wstgper IThg sbiPxtsid wes; geBtly mtdirred

macr ocyche) : d t ; i : 1 Ly thium
formate F}Sdrate ?ﬁﬁé@g??af'err eO)g-?f%écg%(g()a.lggt%D?gcjfééiﬁg?ébn‘f@%doh&forrrate
[ Ba(HCOO) [ err]] watera (3130 mplipppd fAriesy aFcld®i ¢ in a vacuyyowen) feh 1 1

of water. This ngxXtur envasraentbd shid Mlerial contdihing 24 d1mgfhgeosol id

catalyst was filtered, washed with
lead.

Barium bicarbonate Ba{HCO3)» on Superlig 512-silica

15 Barium bicarbonate was immobilised in a three step

procedure on the Superlig.
Step 1: 50 g of Superlig 512 (silica; 11.5 mmol

macrocycle) was added to a solution of 4 g (19.2 mmol) of
BaCly in 200 ml of methanol. The mixture was stirred for

20 two days at room temperature. The Superlig was filtered,
washed with methanol and the solid was dries overnight in
a vacuum oven. This resulted in a material containing .
2.08 g {10 mmol) of BaCljp.

Step 2: 3 g (40.5 mmol) of NaHCO3 was dissolved in
25 140 ml of water and 130 ml of methanol. The BaCl,/Superlig

complex was added and the mixture was stirred at room
temperature for 24 h. The mixture was filtered and washed
with water.

Step 3: The partly exchanged complex (Superlig/BaCly-

30 Ba (HCO3)9) was poured in a column and a solution of 4 ¢

NaHCO3 in 100 ml of water and 100 ml of methanol was



- 16 - . wat er (3150 nol) and dried at 100 [err]C in a vacuum oven

for 64 h. This resulted in a material containing 1.08 ng/g of

bari um Lead formate PbJHCOO) [err]on Superlig 512-silica. 5

70 G of Superlig 512 (silica; 16.1 mmol macrocycl e) was adoﬁd to a
sol ution of Wﬁg@o&(l mol ) of lithium formate hydPGHEFISAT0
(HCOOLi . H err]0), 5 g (0.02 nol) of lead 17 - formate [Pb(HCOO) [err])
and 4 mM (0.1 nol) of formc acid (HCOOH) in 1 1 of water. This

m xture was gent stir i h, T ol id.c 4. was
filtered, Washeo‘La}v/ﬁs[":’ﬁf oved & V\%llpgfﬂ("é* t}%%%‘rttl)ljL %ag'}gr'i‘ggea?&% %r r]Cin
a vacuum oven f oras washed @ith watkirsandsipiegdovarnighft dni al veewrsmi ni ng 3. 46

mg/ g of dRafl This resuBAd Y B Sanat erBaCHEdreh] 284 InioRy
Superlig 512-silica .15 Bari um bi carbonate was 1 nmmobilised in a’three
step pr ot eurde (§n8tmeoldyeér Pp §HCO3) 2. Step 1: 50 g of

Superlig 31% (si .%;tc%xlh q is at 1poh@crocycle) was added to a solution

of 4 g (1 ) 200 M of methanol. The nmixture
was stirred for 20 The EOt 4 MRG soRVerobm tafpERrEXiRE ouFhassuperiikpdas

filtered, abNAS e Wiidp et Rane! e geubtt RBas Ok i whtias/Ed MBS ro¥eS NI ght i n
a vacuumoven. This resulted in a material containing 2.08 g (10

mmol ) of BaCl[er?§.8-35 was used. gten 2: 3 g (40.5 nmml) of NaHCCB was
di ssolved in 25Recyclel4@ Hétddogsmbenusardkally@tnl of nethanol. The

?ggﬁferr]beuperllg After coﬁé{ggf%§ g@stﬁ%kgalb%%ghtﬁ?éfgi§%gget*@scf§dé'red at

reaction mixture was cooled and the solid catalyst was
filtered, washed with water (3x150 ml) and dried in a
vacuum oven overnight.

The results are summarized in the following Table 2.



tenperature for 24 h. The m xture was filtered and washed W th

wat er . Step 3. The partly exchanged conpl ex ’ -
(Superlig/Bad[err]- 30 Ba(HCO err])[err]2) was poured in a colum
and a solution of 4 g NaHCO3 in 100 m of water and 100 ml of

met hanol wasvo 99/23053 PCI/EP98/07014

passed over the Superlig (LHSV 1.1 I/1.h). The Superlig was washed
with water and dried overnight in a vacudi ~ oven. This resulted in a
chlorine free material containing 2.54 g (9.8 mmol) of

Ba(HCO err])[err]. 5 EO batch hydrolysis at 100 [err]C

The EO to MEG conversion was carried oghbas zlescri bed above for
exanpl es 1-17 except that a water/EO nolratio of 8.35 was used.
Recycl e of heterogeneous catal yst 10 After conpletion of the EO
bat ch hydrol ysils Bxhepls ufle Catalysteact|i @atalystur ovasncodl emtcasdi+h
solid catal yst |was filtered, waghed mﬁ%h matergég?ISO.ntg_and dried
in a vacuuBPoven| over ni ght . amount The 958 &FE 4wt i zed
in the followi ng Table 2 (mmol) (%) (%)

U

/)

<

Comp. 17 no catalyst; - 99.1 79.2

Comp. 18 | barium formate 15 99.4 87.5
[Ba (HCOO) 5]

19 Sup-S/Ba (HCOO) » 5.5 99.5 88.1

20 Sup-S/Ba (HCOO) » 89.6 85.8

recyclie from

example 19

Comp. 21 lead formate 15 99.3 82.7
[Pb (HCOO) 71

22 Sup-S/Pb (HCOO) 11.7 99.0 86.6

23 Sup-S/Pb (HCOO) 3 100 83.0

recycle from
example 22
24 Sup-5/Ba {HCO3) 2 9.8 99.4 86.5

25 Sup-S/Ba (HCO3) 2 99.1 88.7

recycle from

example 22




- 18 - - . Table 2 Exanpl e Cat al yst

Catal yst EO con- MEG sel - No. anount

ver si on ectivity _ (mol ) : %

o i T or neyQIrBsE Al & ySt: 99.4 875 PetfibsnfollP- 18
[Ba(HCOO)[err]]__,_lﬂ______SUp-SFBa(HCOQ)Egrr] 5.5 99.5

88.1 Sup- 99.6 85. 8
recycle from H“‘“H“‘““ﬁ MlQ Conp. 21 | ead formate 15
99.3 82.7 P (H@Q[ﬁrf]d 2%3

Sup- S/ Pb(HCOO) [ err 11. : :
Sup- S/ Pb( HCOO) [ err] - 83 O : recycl e
from 1. e?&aﬁP&@as%z for aﬂe loBaOEHQR] Bf 1dnd @kkols by 9-8
99.4 86.5 ,& [err])[err] 99.1
88.7 reacFéE?c?’é arlié(ﬁmene oxide ‘with Sﬁislienzt?e presence of

a catalytic composition compri51ng a macrocyclic

chelating compound complexed with an ionic compound the
5 anion of which is catalytically effective under the

reaction conditions.

2. A process according to claim 1 characterised in that

the macrocyclic chelating compound is selected from the

groups of crown ethers and cryptands.

10 3. A process according to claim 1 or 2, characterised in
that the anion is selected from the group of halogenides,
carboxylates having from 1-20 carbon atoms, hydrogen
carbonate, hydrogen sulphite, hydrogen phosphate and
metalates.

15 4. B process-according to claim 1, characterised in that
the macrocyclic chelating compound is immobilised on or
incorporated in an inert solid support material.

5. A process according to claim 4, characterised in that
the support material is selected from the group of

20 inorganic oxides and oxganic polymers.

6. A process according to claim 5, characterised in that
the support material is selected from the group of
silica, alumina, titania, zirconia, polystyrenes and
polyacrylates.

25 7. A process according to claim 1, characterised in that
the alkylene oxide is ethylene oxide and the alkylene
glycol is ethylene glycol.
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1. A process for the

preparation of al kyl ene glégol s by

reacting an aI kyl ene oxide with water in the presence of o (932-5
catal ytic conposition conprising a macrocyclic che i glgﬁg@(wnd
conpl exed wi tp i oni ¢ CowpduireitdTeaL PRoPERTY ORAREZOONOT  Whi ¢ REEEY Pos.
catalytically e (?}rect i ve under the =metonlBugst, ot i on conditi ons. 2R

pr oc es s NTERYATIONALt APPEIGHTIRY PEBIASHER ENPER THE RATENE COOPERATIQR AREATY RSIR| i C

chel psh ngnmGER siatChstacaph €Ct ed frPpm § QY meernations: PIHBMASNERber £ OWN yWhH§YrE3038 ¢
crypt anggyc 36ho, 3128 A process apgetding to claim1l or 2, characterisedjin
that|{the anion is selected fromthe (fddperafioniFuilication Rites 14 May 1999 (14.05.95)
carbpxylTates having from 1-20 car bon af ons, nyglro gen car ponare,
hydr p@8 intesatingl isprlicatiomMimbstren  p REEBHEAIG HAY) (B Designate S“'ﬁﬁ‘gﬁ @EBA » BB,BG, BRA| -
DI 0C P68 1id6iad i o ©! 2o Bler A6kl | Sedar, BRI HUID!L et E { o
chel itl ng conpound is inmmbilised on of XZ, LC, LECIR, Lv mnancjmmm
sol i @BH:B[? Gmaterial. 5. A pr ocess“‘lﬁ@ E.SG 8], sx.
char 15: ST o7aBagh Nt Nad ocsober 1997 (36,097 SUPBPT t  MEfadis GMS(B.&.@ mks '
group of 20 I norgani ¢ oxi des and of amm::t(A g%a’s.xe KZ,MDRU16. ass
20501 Al ! it SprlarichS! bagtlakd| (ot ot e R SRR Fﬁg& s
sel e¢ aég%tﬁ “;IIIIQW.)M;CMVM Bylamﬁff ca, m:ﬁ. A, & %am)
pol y$t yr espesL-2aakR The Hague (NIPOl yacr yl at es 25 . A process accordl ng te
cl ai aﬁar@&tl&d ﬁ_&g éu” tp‘a IS ene oxi de is ethylene oxige
n
and {rhé A ¥hiSEiReg BCNL-1031 @n @L)et’ﬁly ene  @Ghn\hidMational search report.

Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments,

(54) Titles CATALYTIC HYDROLYSIS OF ALKYLENE OXIDES
(5T) Absiract

A process for the preparation of alkylene glycols by reacting an alkylene oxide with water in the presence of a catalytic composition
comprising a macrocyclic chelating compound complexed with an ionic compound the anion of which is catalytically effective under the
reaction conditions, Preferably, the macrocycle is a crown ether or a cryptate and the anion is selected from the group of halogenides,
carboxylates having from 1-20 carbon atoms, hydrogen carbonate, hydrogen sulphite, hydrogen phosphate and metalates.




