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WD 2007/ 014959 PCT/ EP2006/ 064974 - 1 PROCESS FOR THE
PREPARATI ON: OF ALKYLENE GLYCOLS Field of the
wORrIwsn The i nvention relates to a process fRIT/ER806/064974
catal ytic conversion of al kylene oxides to al kyl ene
gl ycol s. Background of the Invention 5 Al kyl ene
glycols, in particular nonoal kylene glycols, are of
establ i shed conmercial interest. For exanpl e,
nonoal kyl ene glycols are used in anti-freeze
CONPOSpROORSs POR PREVERESARRYIGN ORSELERLEREALEYLBLS
t he productrTom of —potryarkytrene terepnthar ates €. u.
for fibres or bottles. 10 The production of al kyl ene

If 0I§ @H | { Qui hase hydrolysis of alkylene oxide

-ﬁ%ﬁiﬁﬁMﬁ—J%h£E%%§££g§SIS is generally perforned by
addiTige aihv&gei 6% CLEbabés WBbes, pLoBess28otOtBe BREAIytic
of water per nole of alkylene oxide. The reaction is

CHVTRT PR IO 02 by heneicPEspar| e alkyienat gbHceds.

Bd L9a ybergbyrQpeRipgnof the al kyl ene oxide ring
—1ggﬁ#ﬁr——mater—attrng—as—the nucl eophi | e. Because the

pr|ankyyeﬁergbﬂcohnnoahkyhehecglarohoabamkymeaeaglgcols,
ucl hil.e xture of nopoal kyl en
BB SRl e ari Ak L R GraPt - SFoEI EKEBSeo) <
maifod Pk e'@l?&@?é é?e'%é&aﬁﬁ 5ﬁ€12@r§8hécbbi‘ﬁbb¥ﬂ:§".ons, as
nonoal kyl ene™ gl ycol is necessary to suppress th
SQkM@m@ar@nﬁeaétbaﬁebmaﬁeehalﬂelprthﬁrprpduauépn aifid

pba PhE iR r ekl Bondla en OBy BB r B RegHCop Pottis?

SuppTR@Spﬂ@dﬁ6616ﬁ06ﬂdalkyléﬁaC§L9Bol§ b9 Lhguedsphtbe
relative ampunt of water present in the reaction
¥ﬁ&?%¥%lsA?§h%bﬁﬁl?ﬂ?soﬁ%§§u%§ kRpyByedshenBydrolysis is

shih ugt f
oSSR bt MR phLaRtads akeg ckbRokChe upex, oo

20 ttereateslaspebbvabernpeharolargé alkylene oxide. 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 acts as a nucleophile, as a rule a
mixture of monoalkylene 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 alkylene oxide, which competes with the hydrolysis of
the 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 improves the

selectivity towards the production of the



10

15

20

25

30

amounts of water have to be renoved for recovering the

product. Considerable efforts have been nmade to find
WOreg/edkeser nat i ve neans for increasing the readt¢gEP2006/064974

selectivity wthout having te 2ise a | arge excess of

water. The hydrolysis of al kyl ene oxides to al kyl ene

et SR PERL e NCOLITLS 1ASafed F EPFRRCES Phat, daroe

hawsmaines | 9f fuatsedhave 160 tihe seheved ofionfreopvering the
actlve q%droly3|s catalysts and various catalysts
disclosed in the literature. Catalytic

processe@anéiﬁgﬁaﬁﬂ@ SE PO IS h S0 85EeN I h¥dé0to find an
monoal kyl ene glycol product at reduced water |evels

aréik#QNWﬁ xw@ megm - {01 sEnaqueasisy Atlie ggaghionysehectivity

15 S Bad Hau i 58 498 200,208 Lecdu0 424, 200). e

onprlse 2 st asi c (an|on c
ex&mwmﬁﬂys&ﬁrbfcﬁlbwl@méhomﬂ@éernaralhynameuglpcols can be
quaterna y hos honi um e] ectropositiye co
si tRRETTO A WEhleheBresdr et afrbh %@ @ Jcatalytic

ety ot ?hé%@fﬁ@@; bhEse ?Ff&ftsbhéﬁéfhﬁéaﬂiy focused on
car boxy[ at Further exanples of catalytic processes

kndeefsnle¢heome@ttm@meoacaikqlbm@ro&ydes catalisrenand

gl ycols are en | 0115 713 and JP. 200115171

wher&F H°'%° %%?% ?F% 2% %l%cﬁ%?|3|ﬁ% ggﬁa g %ature
ion and @aeélptg@rp@@@éssegn pﬁoﬁé@ﬂnéoacﬁﬂgﬁék B8lectivity
al kyl ene oxide to the corresp ondlng al kyl ene gl yco
|r1¢¢mm$n@%éh£be@¢ gt¥FebnraPaRrted nee¢59§¢ water levels

F @6 000n 2¢€8. 45 #hLECHCYsEOs59E ygen0], §§b¥B§Q”UﬁEuA—
.42 & 74

or tun St cat af St or the COHVGI‘SI on Of
alk@)em&,baﬂdeUSeAaBkysaneoglyndlUSagaEnlea 5A8) . Such

rese bon_di oxide and water. US-A-4,307,256
o Cer TR Lk RS LRt FORSBI 81 RyPERGPObY: BRZLi {AGADP)

ande £3hHRYe di8Xi HE bAtbhewpt RS§NSLePhadyV\@RBAT(A14259

PCT/ EP200 /064974
quaternary phosphonium electropositive complexing sites,
cocrdinated with one or more anions (e.g. metalate,
halogen, bicarbonate, bisulfite or carboxylate).

Further examples of catalytic processes known for
the reaction of alkylene oxides to alkylene glycols are
given in JP 2001151713 and JP 2001151711, wherein a
catalytic composition comprising a halide ion and a
bicarbonate ion is used to convert an alkylene oxide to
the corresponding alkylene glycol in the presence of
carbon dioxide and water.

JP-A-56,092,228 is directed to the use of molybdenum
and/or tungsten as a catalyst for the conversion of
alkylene oxide to alkylene glycol, again in the presence
of carbon dioxide and water.

US-A-4,307,256 describes the reaction of alkylene

oxides with water and carbon dioxide in the presence of a
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3 tertiary amne catalyst for the production of
al kyl ene glycols. In US-A-4,160,116 a simlar system

wo0eHe?®bed, wherein the catal yst used i s a PCT/EP2006/064974

quat ernary phosphonium salt.-S3EP-A-1,034,158 is
directed to the use of a catalytic conposition

COGULISI 19, BB %diéstlc hl_%@tﬂl?? Wﬁ‘ﬁon COFPL £¥Glene

with an 1 0nic conmpoun el ect ed the group

comdniczilrey Had diferA-obsl 6 Cak oy | sitmesl athysliysigem is described,
car bonat.es,_.hydrogen sul phites, hydrogen phosphates .
PRI R G AT HER S ol A T R g Son um
oxigdgs to al kylene glycols. In addition, processes

for the production of alkylene glycols from alkyl ene

oxi des, ERmRork 134y 158 vis dirgeirddessthaaee pekna catalytic
described . ' £S | e th
st (S e M B SEEERES SR B ompouna

t hegupEsenat Wit aatiodysd , cdmpdnve sdlecsedsErprnthe group
thermal or catalytic hydrolysis of_ the resultant
al I6A™EHE D Qﬂeﬂéé%ﬁﬂeﬁ?%ﬁo%Xk#F?%n-%Yéﬁpgen

pr il ggﬁgg' [ = s 7y

A SRR s %dl%% 9 SR aiftl)g}%tj's ydroden ptiolphdtes and
hydredlalsitesf ok ytlncydeolonts esf cakkylbene | petides to

US- A-,4,.283, 580 ichis directed to the use of
noﬁaﬁ%%ﬁﬂﬁ(§&¥%%g§ten in metal or conpound form as

cat al ystg i jddNEidh PeddSssdd £5r Stipst pi i@ D6n of

unsubstituted ethylene glycols by the reaction of
sulstkylang oy bExem LA tley keng | @xbdesar POARF £310Pt R two-

ol A ASCUOE, REAR sl e BeE TRy hinere, Sy

negikdo's sresy Bvglve eslsesrenthiomco askklylenel sxifles with

convershon s g, MOy aelie and: og! SELY§seat 8y Shued by
subsequent thermal or catalytic hydrolysis of the
resultant alkylene carbonate. Examples of such two-step
processes include those described in JP-A-57,106,631 and
JP-A-59,013, 741.

Catalysts suitable for the hydrolysis of alkylene
carbonates are described in US-A-4,283,580, which is
directed to the use of molybdenum or tungsten in metal or
compound form as catalysts in the production of
substituted or unsubstituted ethylene glycols by the
reaction of substituted or unsubstituted ethylene
carbonates with water.

Although progress has been made in the hydrolysis of
alkylene oxide to alkylene glycol, the need for new
processes with increased levels of conversion using
highly active and selective catalyst compositions still

remains.



WD 2007/ 014959 PCT/ EP2006/ 064974 4 Summary of the

I nvention The present invention provides a process for
woheo7/taeesger si on of an al kyl ene oxide to the  PCI/EP2006/064974

corresponding al kylene glycol 4n the presence of a

catalytic 5 conposition, carbon dioxide and water,

wh taI osition conprises a halide,

a %&Lﬁtngofy;,%fmc.% uﬁﬁ‘{e&é%%) a macrocyclic chel ating

conpound'hd)qi:mdeert Basasritpioro prdvidees Ianv;m‘tbc'tems ViBor the

have sur r|3|n d that alk Iene cols mu 10
be S6BtV& Bﬁgﬂ&ﬁ‘é}f o 1 at%'tg §orresponding

sel9Gdy ey glkibbdlea.'ﬁi tHe %réi@né@%@%’%é‘ﬂy@ﬂfy' ene

oxide’in the “presence of water and carbon dioxide
5 wi domgposdttalopt,i c:amm'rpauqxxﬁe cam#am&teng. wherelmtehea

hal i de ;and, . optional a _nmacroc C|IC | atin
oIt i P TAYL SRR @ dirTiRer (ptalate, and
pr epRadhat Ity a indRASAM ACtdhe tat By SRhPSlnaty in
conparlson to the dlrect hydronS|s of al kyl ene
8 thes k% in the prior

art. Fur : f r
I ncr easeaé15(§ ectml‘%%{%cﬁ?m %%&)a enemiz%n gl%l%?c’ls may
10 ovdve lidtairesd adityH memmrdwmata:tamhw ghred / @t kyébeetivity
gI cols, co t.o processes descri in the | or
3 At e e O s B gelers 051g8] LRcthe
ms?eﬁe@ SN AU F eéﬂ?%f&o@'&ﬂéﬂ@e ﬁ@exbogaéstaﬂiﬁtlc
Thée al kyl ene oxides used as starting material in

pr cemp dift tdre ¢omprit s g rmu@etmwecommmﬁaand,

ox I (RN G AARCKFRAT T i ag ST

15 suitabl errid odded £nef ctidlgsSredentheinvdéngbsier ptoceeds with

formula (1), RL-CR? CR3 R4 ()
increased activity and seléctivity in comparison to the

direct hydrolysis of alkylene oxides to alkylene glycols
as described in the prior art. Further, this process also
proceeds with increased selectivity to the mono-alkylene

20 glycol over both the alkylene carbonate and higher
alkylene glycols, compared to processes described in the
prior art for the conversion of alkylene oxides to
alkylene glycols via the corresponding alkylene
carbonate.

25 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.

Particularly suitable are alkylene oxides of the

30 general formula (I),

1 2
CR CR 139 (I)

N,/

R
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0 WO 2007/ 014959 PCT/ EP2006/ 064974 5 wherein Rl to
R4 i ndependently represent a hydrogen atom or an

WO ¥y substituted, alkyl group having frRER/EP2086/064974

6 carbon atonms. Any al kyl groups epresented by Rl

R2, R3 and/or R4 preferably has from1l to 3 carbon 5

atoms. As substityuents , inactive nmoieties, such as

hydr oxy "QeREIS My G5 B dadiapensentd s pigpredentza grydrogen

R3 a to@Po3S [REEN ALRIBs I &Py
norall substituted d -C3- gﬁkyl gt?'oml}lpt%gind ﬁfr&ﬁo& having

préﬁ:@mm ;to Rrankpn REawsd Rhsaldlkwbresem, epogsented by
at ons npl es of @w tabl e al kyl ene_oxi des

et 5 R ntﬂf"t?d'@ret Ry IRspf epatly, THopiamel 6@ dd, carbon
1, %t%ﬁ%xyl?’s‘g @&sﬂ%&l%errg'f&\y%@%01&¢é}e pét?csl?nis

I nventl on the nost pre ene oxi

et YO rfipsT i P IERP Y d it ofp@ém-&s@y oxmﬂ»esRi Sand R3
wel ' known to 15 the skilled person. In tHe case of

et epare et dgidridgemiatdass wrr&pax*?eokép/rémﬁm@lé knovvn
direct oxidation of ethylene, i.e. air or oxy

ox P@&RiSeie s tiitutied r?g Csﬁﬂﬂé?ﬂba%@?&aﬁ’&ivyﬂ%r%\rﬁlf%f@é@blyv

al s or ani ¢, noderators, e.g. organic halides (see
f oR'e | &%Kiand &l serraEanic |hysinhgenfat@rsi cal

Technol %gc%mpﬁt% %& tgu%[]:aq\@% atﬁqlé%{ﬂ‘eqe d°e3 e fSre

used heréin erm IS de |ne as da

nEh@icl@ddj@tafyl@he aideh grivpyiRired dxid®) YV2-espoxybutane
\élé{ég S|t|ve functional oxidation state of at
e'f orm é%?’aﬂrﬁ?”é‘-’s?}bt aversien grhe most

”eiﬁl £t édﬂealwl%%féﬂogfafeenﬁg WhhyTended g e i s

wtably sel ectéd from netal oxide anions conprising
group SMF&mmtsmr( axft gdinene axjrRles Nosrewel ht kmewn to

Bl SR D AT P O S S T906: o iy it may

G bd girpardd eferaid wellheknmimldd Lo diS oxidation of
ethylene, i.e. by air or oxygen oxidation, utilizing
silver-based catalysts and often alsoc organic moderators,
e.g. organic halides (see for example Kirk Othmer’s

™ edition, Vol. 9,

Encyclopedia of Chemical Technolegy,
pages 923-940).

As used herein, the term ‘metalate’ is defined as a
metal oxide anion in which the metal is polyvalent,
having a positive functional oxidation state of at least
+3, and may, for example, be a transition metal. In the
present invention, the metalate is suitably selected from
metal oxide anicns comprising group 5 and 6 metals
(according to IUPAC Nomenclature of Inorganic Chemistry,
Recommendations 1990. Blackwell Scientific Publications,
1990. Edited by G J Leigh)}. Preferably, the metalate is
selected from the group of tungstates, vanadates and

molybdates. Most preferably the metalate is a molybdate.
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selected fromthe group of tungstates, vanadates and
nol ybdates. Most preferably the netalate is a

WO, WO 2007/ 014959 PCT/ EP2006/ 064974  6PCT/EP2006/064974

Typi cal exanpl es of such netatag e- ani ons i ncl ude
ani ons conventionally characterized by the fornul ae

[ Mo04] 2 . - : 4- P4] 2-

i's rec;ngr}lil l\zég%ﬂ t%xaa[tﬂ}ft%%ﬂc%%nslds%@gg %?a]f%%%é%é{%%a{'%éiude
aniagriorns dorooTd ienalnky tdie maciod r chein lval tHer fodtmulae
under thﬁz condi tions of the process of the preseﬁé

i nVi#MeQdf raylVeglowe te®E T4 el &7 butandie[@dole™i sIt is
the conmonly, accepted characterization. The apount of

met AR IARY thP Y HDrotRis Y (He UreYn didkrlate anions is
\Se%atmf& 'a%clis bﬂrltélté;yaw &H@n{@%@ef%ﬁié’rﬁr%gpg%het 0

in
0.5 nol/nol al kyl ene oxide. Prefera the netal ate
i s qemakidritorisn oih theprtodess hef rtrmypdsdnonivaiiion may

0.1 _nol/nol_al kylene oxide. The termhalide refers t

2 PERRUE RS TA TRy Bt e ARV e g pesmmon £y
el gy cHawHrtlerOfatdiwn periodic table (according
to 1 UPAC Nonencl ature of 1 norganic Chem stry,

Reconmeidig iawermoort metalate |uskd cin j the process of the

Pub].j ' 0 | ted J; Le f
O i 880n T S 5 O 0 i 58 2k .0001
bramd des 2dblamebl adlildelsendvisnti e ef Eratd yabl he tied imetalate
is.an iodide. , Suitable haljdes include q ﬁ%frnary
phdshRAFIFAT Nl i AMHRE hhrRe FARIR el 4fY to 0.1

al kel /ot al1 kSedddescidde amount of halide used in
the process of the 25 present invention is suitably in

t he randdheftérmrhal DI ireferd. o ol ¢ompoundycemprising an

oxi de. Preferabl t.he lide is -present.in_an_amount. ..

U0 AHET Sl 95 SR DRI AT R t ! of kyFARePeriodic
oXith 1 VB @By tdig che | BUPAY Nem@nthaisu fé o KNDudrgasee

for
Chemistry, Recommendations 1990. Blackwell Scientific

Publications, 1990. Edited by G J Leigh). Preferably, the

halide is selected from the group of chlorides, bromides
and iodides. Most preferably, the halide is an iodide.

Suitable halides include quaternary phosphonium
halides, quaternary ammonium halides and alkali metal
halides.

The amount of halide used in the process of the
present invention is suitably in the range of from 0.0001
to 0.5 mol/mol alkylene oxide., Preferably, the halide is
present in an amount in the range of from 0.001 to 0.1
mol/mel alkylene oxide.

Macrocyclic chelating compounds are known - see for

example J. March in Advanced Organic Chemistry;

Reactions, Mechanisms and Structures, 4th Edition 1992,

pp 82-87 and 363-364. They have the property of forming
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30 exanple J. March in Advanced Organic Chem stry;
Reacti ons, Mechani sns and Structures, 4th Edition

WORD07/014859 82- 87 and 363-364. They have the pr oPpEI/EDN2086/064974

form ng WD 2007/ 014959 PCT/ ER20D6/ 064974 7 conpl exes
Wi th positive i ons (cati ons) aIthough they can also

CO r
organl ¢ ring v;sa]l HTS% ure cont al ni n{;@a ura'l ity %?th they can
hetedrs catmpiress ucdutasa oaygfiesculed s ogaery diaweal gphmgular

The an be 5 nonocyclic, bIC clic or cycles, of
i GG IO LNGT I T AR FUTCALA b | B §FRLELY Of hetero-
corgﬂoease%dc% tde d:anptd, qtltféﬁbrdléplfufﬁﬁﬁectmgriucan be

between the heteroatons and the positive ions
t henompaysrliof, thhiecytier oat csm:lers tde a nvlgees eorder. The

deterni,nes the h he sjze nd 10
SHESEEEP 3 ok (RIS R R "ol fis D1 Sl rguLe of
m|1Wcﬂ.@oIé1&Itmbibﬁ)@mwé—é1€ thee Nosyet Gat Sms ahh@dthe
the host and the ion is the guest. OmMng to their

shé’é@lta?ﬁtﬁ SRS - i the }mét‘bftlheoﬁto%lie Mt eREPREOPP in the
%Bgﬁ? £
to pu]1 E%%Igéteﬁ%at/%é/n %#‘?&ié%cufr’g&g% ?“%hﬁlgoﬁze and

m xthape dff tlse evan Sty ek it i ey thmrmysnl {er neutral
chel i n compound may be utili in the process of

nahasitias) Thahan parhotRd, Tiodrotiehebt 18 Salled
Chﬁﬂrﬁé IHEs €€ HRP WS Ao i 2OcHdopeesber@iingl to thépﬁtshape
of the heteroatons are oxygen, "~ in particular th

cr @a airg s Werabhlite ¢f nghetheet unelegales to bind

ISHIBS 205k SR Ay P, L 00 BEECLD

trijayed Idh@tcﬁaﬁlorv\hﬁhﬂ tidlEe ealé tyuofof he mbetoegcle is
25 spherical the molecule is called spherand. O her

nore  exdt i S t§peSag t et AR% PRFECYeH Ypt shRiaking

he i SRS dRa Rk wﬁﬁfﬁéd £ oVl B hESs 8 61 UBHA! bYesent
denoted by thélir total

invention.

The best-known macrocyclic chelating compounds are
those wherein all or most of the hetercatoms 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
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,
plus substituents when present. Examples are
12-crown-4 (II), 15-crown-5 (III) and dicyclohexano-18-

crown-6 (IV).
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30 plus substituents when present. Exanples are
wO20eT/ames94 (11), 15-crown-5 (I11) and PCT/EP2006/064974

di cycl ohexano-18- crown-6 (1V).gWD 2007/ 014959

PCT/ EP2006/ 064974 8 0 O ~C (II) (I11) (1'v) ' O \-

Cint resent inuventiqpn, the macrocyclkg C ating
compaund i prefergﬁﬁyongSpted fromthe gr@p o
craq eth and gryptandd. Mre prefejyably, th

ma¢rocyclic hel ng co und =t own et her.
no 5 preferiably, the crownjyet $ 18-crown-6.
macr ecycli @ chel ati co nd n ed in

coanﬁtLLéh wi th any ok he®

| yst conpositijon of the
i nvention. However, a macrocyclic chelgggfgiggﬂgéund
is nost usefully used when the halide i3%-an al
metal (HO halide. If &¥bkrocyclic chel ati nff¥bmpound
is used in conjunction with a halide, the two

conmpoundsn e HereRsitd invenbiona Eempragreeyetéc chelating

addi t) 1 ' o] e C | ]
enaafilid {3 BEEAGANN, Bt ed OE b SRBGEANG! bF crown
t heetttesard | aord ExypEndep et e| prefSerdbby y, théemadracyclic
rati.o of halide to crocyclic chelatin ound in

co
t hENeARingh GRABRGHRA (k5 A4 FEoMa eﬁb@#s,gm QE®t abl y

theiFai By | i dddidleetRer "BET PEYELSEnLCHE! ating
conpound is ‘at least 1:0.75. 20 Suitably, the nolar

rati o ofA head¢xiecyol mmcthelating compoundgnaynpeunsedsin

o4 hton TR S Pl Bnabs 10ROk BRI e

invention. However, a macrocyclic chelating compound is
most usefully used when the halide is an alkali metal
halide.

If a macrocyclic chelating compound is used in
conjunction with a halide, the two compounds may be mixed
to form a complex before addition to the reaction mixture
or the macrocyclic chelating compound and the iodide may
be added to the reaction mixture separately.

Suitably, the molar ratic of halide to macrocyclic
chelating compound in the reaction mixture is at least
1:0.5, more suitably the molar ratio of halide to
macrocyclic chelating compound is at least 1:0.75.
Suitably, the mclar ratio of halide to macrocyclic
chelating compound is at most 1:10, more suitably the
molar ratio of halide to macrocyclic chelating compound
is at most 1:5.

The amount of water present is usually at least 0.2
mol/mol alkylene oxide present in the reaction mixture,

preferably at least 0.5 mol/mol alkylene oxide. An amount
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Is at nost 1:5. The anount of water present is usually
at least 0.2 25 nol/nol al kyl ene oxide present in the

woaaswi1e959m xture, preferably at |east 0.5 nolPCEEP2006/064974

al kyl ene oxi de. An anount WO _2QQ7/ 014959
PCT/ EP2006/ 064974 - 9 of water present of at least 1
r

nmol /_nol . al kyl ene oxi i.s . nost .preferred. Preferably, )

ChEEaNBURT BERerE: o Atoreadts ¥ aEd7aied SabAsanide is
al pls@N prefiedFed DIy dFedia®1df)| ‘hd eefoultabl Wdidd Phesent

al kyl ene oxi de. An anount of water 5 present of at

nmoés 3emsl thein 5% poddamadxiad&vlenpsikidaemare@referably
benef.i t ,of t sent, | ti ' aty, jt_ i

poders 575 43 RPIZHR, e diidd ™ janiding of vater
acpireiseyitand st ecistyis ymdlYnidle giiedence wfide doawdDd

10 staichionmetric anobunt of water with respect to

al ByedREreg de, for exanple with an anmount of water

in the maRQe .Ml IJOMre PiddBt aldodinioP de s 13 is
nol / mol al kyl ene oxi de, "especially wth an anount of
wapers sdifole rml /cmdry aludyltdree povaabs Wit higgh gvels of
al kyl. ene oxi de, This 15 .reduces .t he amount of_ener

r eGGdd o2t & Witst 1 PIRAHIC] 1Y Hetose to

I eatlyih iRRAYGle aliuntsr WwiteSenRlitl tdepd@acid Gdilkylene
m xture of the present invention nmay be added to the
r egetiidsn rfor wrammlep afidihe|an fangRnthohlvatieheln e range

Al 't tively tih 0 _alkwl J t b

or STt o AT, QA R IE LR BLieytene
pr e;zﬁrdeeddesﬁmiiam wafti hen  dnevant | @fh, waireal & | Breol/mol
oxi de product m xture froman al kyl ene oxide, reactor

s Al e rer R Hodk: T drhareL @ Yeeline eptady i,

S OIR ARIEE HHAtdrLrt) P Srid RPE re bl PO £ OF ef 196 abbtioval of
an et hyl ene oxide/water m xture, fornmed by absorption

of eb{wegsy othidr siramMiie oreacHior@rodyGdat i on

et hyl eneI'hoeXivgaeterreaigféjéeljzé ﬂ'?%e TP&&PP&#%LQ@&W of the

present invention may be added to the reaction mixture
separately from the alkylene oxide. Alternatively the
alkylene oxide and water may be pre-mixed before being
supplied to the reactor. In a preferred embodiment of the
invention, an alkylene oxide product mixture from an
alkylene oxide reactor is used either without further
process steps or after some concentration in a stripper.
Most preferably, an ethylene oxide/water mixture, formed
by absorption of the product stream from a direct
oxidation ethylene oxide reactor is used. This method has
a further benefit that the energy expended in isolating
the alkylene oxide, prior to the process of the
invention, is reduced.

Preferably, the total amount of carbon dioxide
supplied to the reactor is in an amount of at least 0.5

mol/mol alkylene oxide, preferably at least 1 mol/mol
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a further benefit that the energy expended in

isolating the al kyl ene oxide, prior to the process of
wOl2e0m4939vent i on, i s reduced. Preferably, the RCEEP2006/064974

amount of carbon di oxi de supphped to the reactor is

in an anount of at least 0.5 nol/nol al kyl ene oxi de,

grc‘eflﬁ'ggg%%/ 8%“ aﬁ?f%@%?ﬂene o%?gﬂloé ?5’8} abcft;/ F3pon

t otidloxdiareu Bhup@fl ieal hen thé ooead:ecc&upm isad dm:otirhe of at most
reactor i.s an amopunt of at npbst 100 rml / rml 3" ene

ox 148, medr/adr levARne a¥idfoumonst PRRISRAR amount of
molAmalo 3! kY /9(?81dea d@l'g}pe RocRss of the present

i nvent 1 on may carrie out at ch oper at i on.
Hovvever Thien gmqasmlca?r ther praasgamt siowtenteidyodiateres, carried

SUI prelfbrr dto OHerated{ roce pcaa“f%a njfjous ¢ large-

pr apanat 'éﬁ{bdﬁln@dﬁﬁ Lt &é’%giéiﬁelﬁ?é?d)rﬂb %é&ﬁé’lethe process
current invention are generally in the range of from

40 coptigyQusdpher eby tenperatures in the range of from

usual |y S e, AR HERASAR el O Sty ie

kParepzafagriall o f malka arsngsl ydfold f c&mﬂﬁﬂdimg SBcﬁ)Otlké’acurrent
nost preferably in the range of from500t 200?(1) kPa.
Thémcﬂqtd\fa%garl%(aﬂﬁﬂee@%xllﬂlqll%tl?%%e e Qitn. 200°C,

t \V/ °
14 DY, (A o *%‘éﬂpﬂg‘séé%ﬁ%%‘ﬁg?ﬁ%'ﬂr? ¢ are

cargneldﬂannﬁd.l n either a 250 or a 125 nl Medi nex
t to the foll
Conerar Bt Ehdra i S B £ OGE1EEERa 1 the

tOrange of from 100 to 5000 kPa, preferably in the range of

from 200 to 3000 kPa, most preferably in the range of
from 500 to 2000 kPa.

The following Examples will illustrate the
invention. Examples 1 to 13 are of the invention and
Examples 14 to 23 are comparative.

Examples

The Examples were carried out in either a 250 or a
125 ml Medimex autoclave according to the following
preocedures.

General Reaction Conditions: Examples 1 to 17 and 21 to

23

The reactor was filled with water and the halide (if
present) was added in a sufficient quantity to provide a
concentration of halide ions of 0.12 mol/l, the metalate
or carbonate (if present) was added in a sufficient
quantity to provide a concentration of 0.025 mol/l, and
the crown ether (if present) was added in a sufficient

quantity to provide a concentration of 0.19 mol/l. The
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23 25 The reactor was filled with water and the halide
(if present) was added in a sufficient quantity to

wonRoviededsa concentration of halide ions of 0. IECEAERIDG6/064974

the nmetalate or carbonate (Lfipresent) was added in a
sufficient quantity to provide a concentration of
0. 025 /1, a 30 the craq resent) .was
adBERCE R A "3 FRERoRE TSRt o, CF3 ppf, PrB§aETbed"ith a
coaggrﬁtﬁésg He £é& 8f19pﬁﬁb{:imairb£yv® 8007/68009%%a) . The
PCT/ EP2006/ 064974 - reactor was then purged with
COReaRdopr memfeaa\ﬁu ttllileal heagegt os ther @pprropriate
ap I r kRa)... 4T

weSelehthBrk, =By TREiles Tend 2] JrERTHY SRR vas
Tabbeshérag&e%)sm@eﬁhe;or éactidr omR06 Haur t{E0, 1,000 or
pressurlse to 5, 10 or, 20 bar, (500, 000 or 2 OOO
KPgy D09 EE81 hy Bite SRV AR SRkt MR ISP RGGh LNto the
re@‘é‘éﬁﬁ:o‘}t a% atr%t%f oF 5.9 Y miWtintia WRLAIYEQHR IPdkio of
of ~ 4.02 ol /nol was reache These conditions result
i n4a02haﬂouldmodomtrmtq!m¢1 (|'1ﬂ'1qﬁ€e§mﬂﬂ)ltdf0f@5 esprlt in a

CoRPAREFa OB R ARk At HeST00a% T e BTk

OX'eQiﬁyl'Elih% dx@.@“et Q@hd® N initla et A rﬁeﬁrbtﬁﬁatﬁﬁ ddrecentration
appropriate tenperature and ressure (by the

cortifnpagsestiplaf &- 00@5’2 dP r?pﬂtéélem,@r é”%’sﬁ@en aghe

requl Y4
ch%%r?%ftggr ap e%‘g_é?ss actl on nd%%nmfnﬁg
18 tte@p%&a”ﬂm:er eat grassudd | (kad thig rcamtioruars supply of

ES:fShZZS' é%{%tal yst (|f prem@@tf? vvq:z addgid Ir}'a:trgt%nlrbﬁervals and
f
a§ln§§é'lesg?n r?g"a é)alﬁlf%ilcq en quan ;‘h:t ;fﬁe %&{1’3 g; aI yst

COM‘E;J.aiﬁ cmarghtﬁd}%: m){a{nip]aertd ttheterzin et her (if
present) was added in a i ent. quantit
provi de & &I atWh ‘g ﬂ’f &t eglrf%a%lf%rhﬁﬁde

catalyst {if present) was added in a sufficient gquantity

to provide a concentration of halide ions of 0.12 mol/l,
the metalate catalyst was added in a sufficient quantity
to provide a concentration of 0.025 mol/l and the crown
ether (if present) was added in a sufficient quantity to
provide a concentration of 0.19 mol/l. The reactor was
then purged with N, and pressurised with an N; atmosphere
of approximately 5 to 6 bar (500 to 600 kPa). The reactor
content was then heated to 20°C. The ethylene oxide was
then pumped into the reactor at a rate of 6.3 g/min
{causing a pressure increase to approximately 10 to 14
bar (1000 to 1400 kPa)) until a water/EO ratio of 4.02
mol/mol was reached. These conditions result in a halide
concentration (if present) of 0.0118 mol/mol ethylene
oxide and a metalate concentration (if present) of 0.0035

mol/mol ethylene oxide. The reactor content was



then purged with N2 and pressurised with an N2

at nosphere 25 of approximately 5 to 6 bar (500 to 600
wWPbRa)7/013%% reactor content was then heated to BUIZEPZDR064974

et hyl ene oxi de was then punpegzinto the reactor at a

rate of 6.3 g/mn (causing a pressure increase to

appr oxi_mat el 010,14 _ bar (1000 to 14Q0 .kPa)). unti |l

P Ralbrana et % °F oA it vk ke Thear
coiidivel AnTereRllst and ankdlysdel WOBIMU Midiely (iHe course of
present) of 0.0118 nol/nol ethylene oxide and a

netheateackicent the HregsuLs pedhbagkdzs thip|9pkginal S
et byl en [ e 10149
PCTPERa058 dagdr 4 O Herl GRS 8, e By (He Ethylene
sappliele)were taken at regular tinme intervals and

anal ysed by G.C._ During ,the course of the reaction,

the prodhie Fesiiide PRIRIRath At TG ARt ERPLES of pd 2.
(500 to 600 kPa)(due to reaction of the ethylene 5

oxide). The results obtained are shown in Tables 1 and

2. WD 2007/ 014959 PCT/ EP2006/ 064974 - 13 Table 1
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PCT/ EP2006/ 064974 - 15 The Ex@@mpl es of the invention
denonstrate high |evels of activity (as shown by the
conversion results) and excellent selectivity to

monoal kybeoerhaispbs JRCLHEOnbohRlofChERbhYE EY LKA

denonstrate | ow el s of ormation o esira
hi ghevebs kgf emetigliyyolas eshownnbyhther eeopmeesdbnaresults)

lativel [l ampunt. o ter. Although Ex les 4
o 2¢ pxdrilPhg STPEE viLyoRohapealty e g ieot:
sel ecti vikhy hDgROBEEahYsEDEcEiveR) 16VER eeﬂaﬁgeéate low
the ot her Exanples of the invention, 10 these Exanple

aII lefeed so f of exmathion ?5t%ﬁd§§¥§éb1¢|hygheFuﬁikHlene

[ e anpl es e
SRR S PR REAE B L0160 apa . amount
|n oﬂhwahea sagnhéhghnmxamphes mftbhe Mafethednﬁﬁentlon)
car bonate, is_for nmples 14, 15 and 21

et hyl ene i
to %%yon%ra’ﬁ% ExEanesd; ﬁegﬁ V&tm ho cBARarFRgheRpt glycol
t heMEQPEsRb A ¥Ed EzanphssotHeI a@i; %1035 e3¢ htﬁga&nwﬁtmn,

optimal results are obtained wh present in
corthese i Brampl e albadamgsstc@hposu high tohpilu Seﬂlgcal\flty.

el AE SR DO LA PR ERLELIGE (BPHEETRLLY=SRRIASs co ¢ ave

aCthﬂ@h@@tﬂhﬁﬁethose of any of the comparative Examples in
which a significant amount of the intermediate, ethylene
carbonate, is formed (Examples 14, 15 and 21 to 23).

The Examples in Table 1, in comparison with the
comparative Examples in Table 2, teach that the optimal
results are obtained when CO; is present in combination
with a catalyst composition comprising a halide
carboxylation catalyst (optionally combined with a
macrocyclic chelating compound} and an active metalate
hydrolysis catalyst. An inferior performance is obtained
if any of these three components (CO;, halide, metalate)
is absent.

In the absence of CO; (see comparative Examples 18
to 20}, direct hydrolysis of the alkylene oxide to the
alkylene glycol occurs, resulting in a significantly
lower total selectivity (less than 78%), due to formation
of undesired higher glycols.

In the absence of the halide carboxylation catalyst
(see comparative Examples 16 to 19}, very low activity
(less than 46% conversion) and total selectivity levels

are observed. Again, this is an indication that direct
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hydrol ysis catalyst. An inferior performance is
obtained if any of these three conponents (C02,

wbhabdad9vet al ate) is absent. In the absence OFCTIER2006/064974

(see conparative Exanples 18 . 3% to 20), direct
hydrolysis of the alkylene oxide to the alkyl ene

oL Moplx DEEHES of S DR ENE SH008 45701 h1ph@!Sieors 1

of aﬂﬁhﬁﬂiﬁgtfnmﬁmﬁctﬁwiﬁéd b#ntﬁéesﬂ@ﬁﬁﬁﬁcaﬁf fbemation of
hal i de carboxyl ation catal yst 30 (see conparative

Exdhigies tslang gluegls ov@a%rwlﬁt}fi 1§ e58PFRABANREY4 Ve of
co | ect Ye ke S r

obon e MR A aE | GE LY o6 P06 208 End Exagple 19
200 Oﬂmaﬁﬂ'd@@@m 084 roced$ déagdribgdi snoEP+Ae

al kyl  de to al kyl ene glycols is occurring,
chgﬂégggfgﬁ%ﬂ by the significant formation of higher
al kyl enerrg| Heo| Sosdx@PO £ ﬁ@elrﬁewpé@éelgyaibyﬁs@é ca{amyst

process descri bed in JP-A-56,092, 228 an
| s (s camanativefExarpleockés Jbsend b2d) mr EPaAthe

cattyics tf ARBraReE & M ETRLE CaliRb8L) “hon s

| n K193 psescackpatadiival Erampllegelbydndl 231)$ the major

catal yst, such as 10 K2CO3 (see conparati ve Exanpl es

159%99%&5 l%tﬁ??&ﬂ%ﬁyliﬁ%dﬁ%¥ PRatee MPRS| BR¥ere reaction

Carbongl e oddr o PRY B ﬁfa?éa% EORGLLE OPfe VBV B

needed to convert the al ene carbonate into t

des;a@pmaﬂqlmmogtl}@dﬂesa%nlrpdibk}mems gleprbschrample 23 is
in JP 2001151713, 15

OGRS AT G R P0G BRSEo Pt DE et RoRDer LD BAS1T13

OfaﬂﬂjajKyQGUEQSMTﬁE_tO the correspondi ng al kyl ene
glycol in the presence of a catalytic conposition,

car bon di oxi de and



wat er, wherein the catalytic conposition conprises a
halide, a netalate, and a mnacrocyclic chel ating
compound. 2. A process as clginmed in claiml, wherein
the halide is an iodide sel e@ted fromthe group
consi sting of alkali netal iodides, quaternary
phosphoni um i odi des and quaternary amoni um i odi des.
CRaimA process as clained in claiml, V\,herel n the

netal ate i s selected from _the grou SIS
1ol T BERGESS TOE MAGQBETAD of GRAIRYSES OXHE 18 e Soesspqading
alﬁ%%gg tdg[‘lrﬁlgﬁ' ;ﬁbé?%c‘é@égf; & g:gt%\{hﬁ ﬁﬁﬁ{:ﬁ{ig? ! éarﬁgn dioxide and
waﬂearwhereiﬁwha@alyhg@bnqaasit&irad:mmgnsemawmudd a metalateyand a
cess as.clainmed in claim1, wherein the

ether. 6., A pro
mﬂﬁwdf"sc'lﬁ!@@&?owc’mg range of fromo0.2 to 25
2. ”°| / ﬁ’?’roﬁé&yéseélﬁlrﬁéd #eclBlg qe Whéréinttﬁé h'éﬁéé tid 8A iodide selected

rocess as clained in claim®6, wherein
framéhwgr@up cenmt«mgaaf alkali metal iodidgs, qt:aternany phospbonium

okt g dateinaly affodiul Be.q " n ol arm 1 wher i n

3.the A@i‘@ées%fﬁﬁlélblrﬁéd frRElBRA 1, Whexéifiehe WethiRd is Selbbid from
reactor is in an anount in the range of fromO0.5 to

the@mouprspneisting ok alyhdaigs.anadates andtungstatesc ai ned

4.t oo PR 4 8RRhEY i Befh ™ Ao he i afoiypoate

5.pr esA precass ddiclaimed in clhim fir, ahetéin the niddiocydfie. chilating
process, as clained in claim1l, wherein the al kyl ene
campeind is aERWEAReToxj de. 11. A process for the

6.0k ?ﬁ%&éﬁs“%so@&rﬁé{fweaﬁﬁn \nﬁféré:ﬁ thE‘?weﬁQf EG&BQQFH iAR%he

"al kyl presence of a cata
rangefod $ionh 0r2 toc2h trmllmknkalksdenandldevm'esent thbe eeacttdmmndure.
bdat

7.and A progesspe gaimed iy SRTE o, §essipdn watn® FesbRdpIGe
raﬁ@e‘ﬂf Hor®d tb's moPiidl bﬂ(yléﬂéeé)@tié préSeritan 'tﬁiaeréa%tléﬁ mixture.

ide selected fromthe group consisting of alkali
8. rret a4\ prochsseas clqmaedsnrnalrayn 1phr{bmloﬁharisﬂaban‘@@@t ahearbon

i suhBlide BT ARSI &R ardilur  end e 6 ot g 00

meMhePH ]eln‘é@(;@éown ether. 14. A process as clainmed in

claim1l, wherein the water is present in the
A process as claimed in claim 1, wherein the process takes place ata

temperature in the range of from 40 to 200° C. and at a pressure in the range of
from 100 to 5000 kPa.

10. A process as claimed in claim 1, wherein the alkylene oxide is ethylene
oxide.

11. A process for the conversion of an alkylene oxide to the corresponding
alkylene glycol in the presence of a catalytic composition, carbon dioxide and
water, wherein the catalytic composition comprises a halide, a molybdate, and
a macro-cyclic chelating compound.

12. A process as claimed in claim 11, wherein the halide is an iodide
selected from the group consisting of alkali metal iodides, quaternary
phosphonium iodides and quaternary ammonium iodides.



range of from1l to 5 nol/nol al kyl ene oxide present in
the reaction m xture. 15. ,%\ process as clained in
claim1l, wherein the total gm)unt of carbon di oxide
supplied to the reactor is in an anount in the range

16! TABBSS A [PURTR SRR s s

congmhdoisacerown étherenperature in the range of from 40
to 200 C. and at, a pressure . in the range of, from 109h
14.0 a‘batpqasa.awamcgmé%%wbpgﬁlﬂélae tey igipresent in the

ralGE of B 150 B MELARF aY{eS 0 plceitth 1 feRfion hitre
15quatepracess gshdlainhedhinuctaino dil dwhefiin the fotatamsunatof carbon
i aunliet i e Tesitor i ft a6 acwusd T i rangeror T d 4 4 Yoo
mYAALLARYICE SRS OC, L ned I clalm 11, wherein the

16hal iAlprocesgsasetiaimad ineciaiomild pwhetkin éhe process takes place at a
temperature in the range of from 40 to 200° C. and at a pressure in the range of
from 100 to 5000 kPa.

17. A process as claimed in claim 11, wherein the alkylene oxide is ethylene
oxide.

18. A process as claimed in claim 1, wherein the halide is a quaternary
phosphonium iodide.

18. A process as claimed in claim 1, wherein the halide is a quaternary
ammonium iodide.

20. A process as claimed in claim 11, wherein the halide is quaternary
phosphonium iodide.

21. A process as claimed in claim 11, wherein the halide isquaternary

ammonium iodide.



