PROCESS FOR THE PREPARATI ON OF ALKYLEN E] CARBONATES

Field of the Invention The invention relates to a
wonroeaasgor the preparati on of al kyl ene car borarTEP2M99/064973

the catalytic carboxylation of al kyl ene oxi des.

Background of the Invention Al kylene carbonates, such

as et hyl ene carbonate and prdpyl ene carbonate are

wi dely used as solvents and diluents in industrial

processes. They are regularly used as raw naterials

for PROGESSI AORPTOHUPREPARENION COSAEXYCENRNCARBONATES

pharmaceuticals. Al kyl ene carbonates can al'so be used

as internediates in the preparation of alkyl ene
Fﬁylﬁkast%kpqh@%%*h%%e oxi des. Al kyl ene carbonates are

by the reaction of carbon
dloﬁﬂd%:WMdeuum@ apdﬁapﬁlabeaapkpbeme doirdehel prich@ration

|on|c hal i de t er nar
l%&i? qUAEERA! p% ﬁﬁgnl %\ﬁgFl egagggxﬁiﬁéﬁon_Of
alm@u@@@soxa@%sﬁrequently proposed as catalysts for this
reaction. According to JP-A-57, 106, 631, the

BaRkeRduRld OF ehealihyleng ogar bonate as an internedi ate
in the two-step preparation of al kyl ene glycol can

occ iyl Kyl emiee cagdomniade sef sarhakley kehy lexiedeawbbhatar hanl
pr%b%ﬁ%%% %%r%%%a re%%gc%l%%l%nused as solvents and diluents

in industrial processes. They are regularly used as raw

materials for commercial products such as cosmetics and
pharmaceuticals. Alkylene carbonates can also be used as
intermediates in the preparation of alkylene glycols from
alkylene oxides.

Alkylene carbonates are produced commercially by the
reaction of carbon dioxide with the appropriate alkylene
oxide. In the art, ionic halides, such as quaternary ammonium
halides, quaternary phosphonium halides and metal halides,
are frequently proposed as catalysts for this reaction.

According to JP-A-57,106,631, the preparation of
alkylene carbonate as an intermediate in the two-step
preparation of alkylene glycol can occur by the reaction of
an alkylene oxide with carbon dioxide in the presence of an
alkali metal halide.

US-A-4,314,945 is directed to the preparation of an
alkylene carbonate by reaction of the corresponding alkylene
oxide with carbon dioxide in the presence of a catalyst
characterized by the formula M+A-, wherein M is potassium and

A is iodine or M is a quaternary ammonium
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al kali metal halide. US-A-4, 314, 945 is directed to
the preparation of an al kyl ene carbonate by reaction

wofod7a4958r r espondi ng al kyl ene oxi de wi t h car bBAT/EP2006/064973

di oxide in the presence of a-catalyst characterized by
the formula MFA-, wherein Mis potassiumand Ais

ilo)@iarﬂg i (Mlkﬁ?g@{ FUAtH{NH ¥; Ay .e%%%m%q}e( RlC%?l%%?glNe or

ang A 1S ei'ther brom ne, chloriné or iodi ne.

r edetiior .i §heareired iont isncalrkyjkdneucathonakglene
US-A-4,78.b,741 is directed to the reacti on of
alﬁﬁfgﬁga3§rdes Wi th carbon dioxide in the presence of

a cat al ysi-a-aQnpesi7uion sapd reatel. t6atakYtESction of
conpositions |isted include organic quaternary
anp kRN RaPrdess vighnicergaat dinaigephosphenpursence of a

T ot T ——

f oliptedudhnoguethylrgnaigl yaaketrnamyebhybanamoxhdequia
et hyl ene carbonate. The reaction of _ethyl ene oxide
wi PHIBRLGoA AT 6X P& Yt BRPEPRPBEHY BAd1dgPhoRAPENLS

catahysed i Wit Rad:quat sheagxghgépaaeggg}lgahg?%de

Quat ernary phosphoni um and amoni um es®are Known
t o degr dBeRufdePlBedéili bmacbadi i mashsdi fabl prbductihg

carpRyyLatl 97,85, akkylene,9xLaes LS can L gad L2
carbonate. The reaction of ethylene oxide with carbon
dioxide to form ethylene carbonate is catalysed with a
quaternary phosphonium halide.

Quaternary phosphonium and ammonium halides are
known to degrade under reaction conditions suitable for
the carboxylation of alkylene oxides. This can lead to
contamination of the product stream with degradation
products and hence a reduction in the purity of the
required product. In the case of quaternary ammonium
halides the degradation products can include amines,
which are stench compounds and may be detected by their
odour at very low levels of contamination (e.g. ppm or
ppb levels).

There are several examples in the prior art of the
combination of metal halides with polyethers such as
polyethylene glycol and crown ethers as a catalytic
composition for the carboxylation reaction of alkylene
oxides to alkylene carbonates.

The fixation of atmospheric carbon dioxide, as
propane-1,2-diol carbonate, by reaction with 1,2-
epoxypropane is taught in K. Kasuga, N. Kabata,
Inorganica Chimica Acta, 257 (1997) 277. Here, a
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contam nation of the product streamw th degradation
products and hence a reduction in the purity of the

woeoineds product. I n the case of quaternary aRODMPU6/064973

hal i des the degradati on producs-can include am nes,
whi ch are stench conpounds and may be detected by

t hej At Jve : - conatanipation_(e.
o N s e P R o e TR
pr déreattieohighestoybiendt bénpobpaetall , habidéscurbbnate for

olLyet hers such as, pol yet hyl ene glycol ;and crown

ot FUPS 525Taalal YPEE LoRposit Pbh 1Br cihBer chioroform or
cagbexybabmennreacti on of al kyl ene oxi des to al kyl ene
carbonates. The fixation of atnospheric carbon

di oxi deThgseppepaments dedrskibedr bongt eRobjckéacki oKuran,

i h - e . | Ln, K . K . N
Kabat o9PRERaPhaRERR Lk MEHEEEn5R:E, 1ubT e a0
acgibBAat 206 aetesddirepteddidetasdudb- 6Foppt SsWasmf gumd-

to give the highest yield of propane-1, 2-diol
caP BﬁﬁtErPBngﬁiégF LcBYSheM@han caFpi¥gtsuini hhe

ei thakt¢Bhar gfonm,gridighler gpet hane i The-8¥Bshi B®BLSde to
described in G. Rokick?, Vv.Hﬁuran, B
PoyozélskheMapcirrsrkniibngt shebvrates. Chentbesél6xperiments,
(1984) 205.are directed to tge.usg of otassqu

e regctlon 1s Carried out in the absence of a solvent.
sal'tphas

In W. Huang, S. Wu, et al. Fenzi Cuihua, 12 (1998)
447-452, the use of cycloethers containing metallic iron
is compared with the use of di-, tri- and polyethylene
glycols and dibenzo-18-crown-6 as carboxylation catalysts
in combination with potassium iodide for the reaction of
ethylene oxide with carbon dioxide in tetrahydrofuran,
which has been dried prior to use.

JP-A-56,128,778 is directed to the combination of
alkali metal halides with crown compounds in the
preparation of alkylene carbonates. The preparation
reaction is again carried out in the absence of a
solvent.

The explosion potential of epoxides is well known.
Therefore, the use of such compounds undiluted would be

unfavourable on a commercial scale.

Summary of the Invention

The present invention provides a process for the
catalytic carboxylation of alkylene oxides with carbon
dioxide, in the presence of a catalytic composition and
water, wherein the catalyst composition comprises an

alkali metal halide and a macrocyclic chelating compound.
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transfer agent systens as catalysts in the reactions
of a variety of epoxides with carbon dioxide to yield

woheo7mas9sespondi ng carbonates. I n these experi REMER2006/064973

the reaction is carried out ingthe absence of a
solvent. In W. Huang, S . Wi, et al . Fenzi Cuihua,

125(1998) 4415452, D6 ysecpl eysLepthers contal ning
ne of di-, tri-

and pol Wet hgkeneogl yoopsiandgtiybeound18hat ONcabadftic
carboxgla .on catalysts in combination with potassium

i odPUB PoFPRe“PERE Fbﬂgo?ne?ﬁ§?%ﬁem%§?8ehﬁﬁ%ﬂeC%F%oﬁ

diﬁéEQ@chlﬁétEEBYQEQBgréBmp&GhSth§§l?§§Q gried prior
to use. JP-A-56, 128 78 is directed t he

coﬁBFhQKVéﬁtéPnaDﬁaBlknéeae halfldestoi thecromnesponding
comeeyase! Pathe,peherp! ool Liylene oot pongt e o

preparation reactl on

absedaceaebra sotkeah 1nEh€a§é@|@étQﬁlﬂptﬁﬁﬁlﬂétéfof
epoxi des is well known. Therefore, the use of such
coRPBGhdSNuRATPAred WeurBebeatimt kbbar apriecsrlation of an

cognRiebak s¢ake. t SUPHBN ¥oPhe gsna Msn£19§ %Hs RLESERLte

i nvention provides a process e cat
caubonylaheonabalatkylenmpoxndeenmnahdcaohOBtlons taught in

the prior art.

Furthermore, in this process the use and subsequent
separation and disposal of organic solvents is
unnecessary while the explosion risk due to undiluted
alkylene oxide is also diminished.

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

general formula (I),

1 2 3 .4
R*—CR“—CR—R" (1,

N,/

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, RZ2, R3 and/or R4 preferably has from 1 to 3 carbon

atoms. As substituents, inactive moieties, such as
hydroxy groups may be present. Preferably, Rl, RZ and R3

represent hydrogen atoms and R% represents a
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di oxi de, in the presence of a catal ytic conposition

and water, wherein the catal yst conposition conprises
wanoaladss netal hali de and a macrocyclic chel aCTmEg2006/064973

conmpound. Det ai | ed Description ef-the I nvention W have

now surprisingly found that a catal ytic conposition

CORphLsLbgr aRuBeatl -EBLAY (DR 65, 8N58 TRELOCYELLE ap1y,

ati ng conpound | yse C oxylé?f%

| kyl pdes ;tQat [ | kyl
R e A Tt G LRt

wat er, Bkahpassi 6fr easedoast hVkyyYenadox ad€s ofh& LAELFON
congared to the catal ytic carboxyl ation of an al kyl ene
oxF el teet RENELERBsPOREE ngPEPRY I @ @3t Bonat e2 TRPAgYPUtane

t@ﬁ%%%%@%@%ﬂ%%%#%@&@%&@ %gmwt

the prior art.” Furthernore, | I's process the
andrefibseqdeal kytpae avkbde ahdl dilspbsae¢ okideganic

sol vent s, 1. S_unnecessary i he expl osion risk. due
to undi B?e@rgPﬁ§?§ﬁ%no%fg%if§£%?§oog+§?ﬁi%ﬁeﬁ?k%hﬁnown to
al ke esriDxedepes6l. asnstREt Eage NBE €8ty 1éMe tBRIde, it may

process of the invention have their conventiona
dePenPEebared. by theyvaté koapeudbsepavenidat ivei bl

CHSURIBRENIL 1 0 L1085 otk P ERRL L 1L
silver-based catalysts and often also organic moderators,
e.g. organic halides (see for example Kirk Othmer’s
Encyclopedia of Chemical Technology, 4™ edition, Vol. 9,
pages 923-940).

As used herein, the term alkylene carbonate refers

to five-membered alkylene carbonates (1, 3-dioxolan-2-

ones) of the general formula (II),

wherein Rl to R4 correspond to Rl to R4 of the parent
alkylene oxide. Therefore suitable alkylene carbonates
include ethylene carbonate, propylene carbonate, 1,2-
butylene carbonate and 2,3-butylene carbonate. In the
present invention the most preferred alkylene carbonate

of the general formula (II) is ethylene carbonate, where

rRl, RZ, R3 and RY all represent hydrogen atoms.
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general formula (1), RL CR2 CR3 R4 mwherein Rto R4
i ndependently represent a hydrogen atom or an

wopbizonadsBy substituted, al kyl group having frecT/EPL@®6H64973

carbon atonms. Any al kyl group,erepresented by RL ' R R
3 and/or R4 preferably has from1l to 3 carbon atons.

5S SubsL!ueOhsne L0AG! I 4PIPI ohles) SUPPuas BYgrony, .

groups nay be present
repabseetoﬁydrmgémla$eh6ca@d fﬁome@f@ﬁﬁnISof the periodic

bstitute | kyl d,
or PR bl g RFSLRG) TR OGN BAMERT LA LF bsEhi L hyEvoBL

at ORBni EXappl escohmenbhabbes al kybeng) 9&\9@& toerEhPL L ¢
i ncl ude ethyl ene oxi de, propyl ene oxi de,

, 2Pepbxgabiang, ahB99. Bdeb©dybwt@né L¢ngmhe prefemtbly the
d.al kyl d
etﬁgﬁ&%o? %anfnﬁ%egéfég{rg f?omy?ggf%ﬁ?g%gt%§§h%§ %1th1um

€ OXl reparatlon o)

wehhd kaesnuh o MhEtS§réf€ﬁabEySOﬂhe|@r®@ﬁ taset®f is
et hyl ene oxide, it may be prepared by the well known
le%E?S%kP@atﬁﬁht%?léth?b%n%a ide, l%ys%}?cb?doiyﬂ%nlOdlder

oxiHab08e Yhbl bzbAYasi | M@ét bé‘éf@al&f}@a' %1%% %ggﬁ?gfignan

al so orcjanic noderators, e.g. organ see
f oro@xdepl e Kirk Gt hmer' s Encyclopedla of Chem ca

Techno&gg¥bc§éflgdéﬁéfgtiggléo%%éunds 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
complexes with positive ions (cations), although they can
also form complexes with neutral molecules. They have a
regular organic ring structure containing a plurality of
heteroatoms such as oxygen, nitrogen or sulphur. They can
be monocyclic, bicyclic or cycles of a higher order. The
bonding of cations in these complexes is the result of
ion-dipole attractions between the hetercatoms and the
positive ions. Thus, the number of the hetercatoms in the
molecule determines the binding strength and the size and
shape of the cavity determines the ions (or neutral
molecules) that can be bound. The macrocycle is called
the host and the ion is the guest. Owing to their shape
and size, the ability of the host molecules to bind
guests 1is often very specific, enabling the host to pull
just one cation or molecule out of a mixture.

It is envisaged that any macrocyclic chelating
compound may be utilized in the process of the present

invention.
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pages 923-940) . A s used herein, the term al kyl ene
carbonate refers to five-nenbered al kyl ene carbonat es

wO2p078H4ls8x0l an- 2- ones) of the general fornul aC{IEP2006/064973

wherein Rto R4 correspond to Ri0o R4 of the parent
al kyl ene oxi de. Therefore suitable al kyl ene carbonat es

i nclu t n y arbonate, 1, 2-
DUt y1 o o Bonar & it 2 S HEEoT erie faf Bt ar ey g heere
pretes¢ vheeainoall her nmsst poefehe edetdkydet®s are oxygen,

carbonate.of .the general formula (I1) |s ethylene
catDoRAl b1 CWhRF et FE | CEOWN EERNGRT éﬁe%?+nr%%?e§é%$ structure

hyds ogeo-al ks ASnaisetnbeb 8y P11 8] kahd MBLal Nl id8s wherein
refers to a halide of a netal selected fromg@roup 1 o

t hehpeFindi etraptere ate okl ag-donePi abréntt vt i e, cf

In j.C. L.stry c dations.1990. Bl ackwel |
e A R S e S B
Prepleeabtylt bre gholpcilaei al ca516¢€! gstetaid orosRet U re
pot assi u lithiumand cesium Most preferably, the
gr%ﬁﬁticz%ya?si%r%oF%%s?ﬁk%xﬁﬁ?@%%ly?rYPEPPQ@W%%ris

S _@ﬁigghgfgﬁago ﬁgepoggggaéQe_and brom de. Most
suitably, the halide is an 1odide. Macrocyclic

chel at ¢ ngwe oeploemsl sa be euskwmolwhy -deret¢drbextmpl e Jotal
Nhﬁ&ﬁbé? §9V§QS§9 g% aﬁ&ﬁbéyeg}sﬁégéroatoms in the ring,
plus substituents when present. Examples are
12-crown-4 (III), 1l5-crown-5 (IV) and dicyclohexano-18-

crown-o6 (V).

d/—_\b Xf/\\o//\z g//\\O//\\l

(G L O

(ITI) (IV)

In the present invention, the macrocyclic chelating
compound is preferably selected from the group of crown
ethers and cryptands. More preferably, the macrocyclic
chelating compound is a crown ether, selected from 18-
crown-6, dibenzo-18-crown-6, 15-crown-5, 12-crown-4,
benzo-15-crown-5 or 2l-crown-7. Even more preferably, the
crown ether is 18-crown-6 or dibenzo-18-crown-6.

The macrocyclic chelating compound and halide 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.
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Reacti ons, Mechani sns and Structures, 4t n Edition
1992, pp 82-87 and 363-364. They have the property of

woanimingpssonpl exes with positive ions (cati onsPCI/EP2006/064973

cil though they can al so form-ceonmpl exes with neutra
nol ecul es. They have a regular organic ring structure

cont ai an&Jse@a@g,r a&ﬁérytgéabesrgas&ﬂ OB é#f@or?sdfégggen’
ni trogen or sul phur. They can be nobnocyclic, bicycric
orseyel egdofoathe gheacooders dheaouwdi ngf odt ch¢a NSO R

these conplexes is the.result_of ion-dipole

at Ty BETT bna. BELRRErT HA® hot &7 BT TnbY afld 196° pobi Bphénol
| 0aBky T&hS, okh@e NUPbBEFe Phbt et et €501 0ol tHe carbon
nol ecul e determ nes the binding strength and the size

andiehbpe ofrpheedavptyhelererpipesis heniameubrof at most
ne u t be , e crocycl e

S e PR EE RER S R oy e SRSV i Vi raroune
t hef rashapet ahdl Bd¥Enol hel api éhé yoofdd he host

nol ecul es to bind guests is often very specifjc

enabl ity tREIHARTCHY pllt FRRECHMR RUAPDFHFI IR Rl ein the

OUb rOfcAc8l XE W SrettréBeOVEiSagRE LHAL: BOY WRBLEQCYSLE feq
chel ati ng conmpound may be utilized in the procesSs o

t heupresean amventioh wIber best £ knbewmt neerocyiel ¢ can

chelatingecogpgﬁnds argithose mher&!ghall or. nost
[

C of . .
t he" et er Dat onk ar 2o oxygeh, T T 1 pardi Tif ar2 theY &F e vity

et hershaheegtbibheové NOLISE I slghdll Peaction carried out in the
substantial absence of water. The amount of water present
is usually at least 0.05 mol/mol alkylene oxide present
in the reaction mixture, preferably at least 0.1 mol/mol
alkylene oxide. An amount of water present of at least
0.2 mol/mol alkylene oxide is most preferred. Preferably,
the amount of water present is less than 10 mol/mol
alkylene oxide, more preferably less than 5 mol/mol of
alkylene oxide. An amount of water present of at most 2
mol/mol alkylene oxide is most preferred. Very good
results have been obtained using an amount of water in
the range of from 0.5 to 2 mol/mol alkylene oxide.

It is a further benefit of the present invention that

a close to stoichiometric amount of water to alkylene
oxide, for example an amount of water in the range of
from 1 mol/mol alkylene oxide to 1.3 mol/mol alkylene
oxide, 1s particularly suitable for the process of the
present invention. The use of this amount of water not
only provides excellent activity and reaction rate, but
it also reduces the amount of energy required for the
removal of excess water, if necessary, from the reaction

product. Alternatively, if the product alkylene carbonate
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i s two-di nensional (nonocyclic) and the cryptands

wherein the ring structure is three-di nensiona
woOhbayakdss, tricyclic etc.). Wien the cavity oPCTm®2006/064973

ntacrocycle is spherical the_mplecule is called

spherand. Qther nore exotic types are the calixarenes,

' d d dands . Cr .
ot Fr SPPESRen fY PRk e v LR T 0 She et smgnding

ers are-usualiy denot

at ahsy bede nghpes 1 pf a het et Sl OB int hef ridiger Pl $1Salready
substituents when present. Exanples are 12-crown-4
(1PF§SERE. LR olime Sr%)‘i‘%l%dnjdﬁ‘%“}/%ef ohexano- 18- crown- 6

(V) . 4ie thee OF 580 o OVENTE 1N, I IRCTREYCI IS of the
chel ating conmpound is preferably selected from t%e

greupseft ciovwen i trermannide caypednds. tivbrecprefer abl yture

the macrocyclic chel ati onpound . i s crown_et her,
SeTELTED T4 6nt 18T oV ovitl by LG benistid s AT G Ve Ty ' the
15aDk@M@né,oiﬂd@r@M@'ﬂatéﬁnﬂ@%lﬁb(@ﬁﬁwmf&éw before being
21-crown-7. Even nore preferably, the crown ether is

189¢PRWACE BP HRDeR2RCUSE cr b EPTe it ¢dhcemeydinent of the
CNEh AL LYo 6 OMRRUOEL AL DAL 6 MBYO BE I BE L 00 T ALY 2

conpl ex before addition to t ron m xture,” or
t hel hpteone yckide chedat o Ngi £ onpead neli dinelr tinet hodt deuelyer
be added to_the reactjon m xture

s ePar ot &F yS BrRf ePhbf § St hEo ot PP GFRUTR T 11 chf st ripper.

dig@sidepreferably, an ethylene oxide/water mixture, formed
by absorption with water of the product stream from a
direct oxidation ethylene oxide reactor is used. This
method has a further benefit that the energy expended in
iscolating the alkylene oxide, prior to the process of the
invention, is reduced.

Suitably, the molar ratio of macrocyclic chelating
compound to halide in the reaction mixture is at least
0.25:1, more suitably the molar ration cof macrocyclic
chelating compound to halide is at least 0.5:1, most
suitably the molar ratio of macrocyclic chelating
compound to halide is at least 0.75:1. Suitably, the
molar ratio of macrocyclic chelating compound to halide
is at most 10:1, more suitably the molar ratio of
macrocyclic chelating compound to halide is at most 5:1.

Suitably, the halide is present in amount 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/mol alkylene oxide.

The process of the present invention can be carried

out in any reaction system suitable for a carboxylation
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supplied to the reactor is an anmount of at |least 0.5
nmol / nol al kyl ene oxi de, preferably at |least 1 nol/nol

wal2koioasss oxi de. Preferably the total anmount oPCTaAPh®R/064973

di oxi de supplied to the reactan s an anount of at
nost 100 nol /nol al kyl ene oxide, nore preferably in an

ampuite OF | afn NSty 10, 1oL/ npl € QXL 8. USE
heni?ei n? t he IF(ggcttl:on g%fng c%%él%%&gu Q%‘%&Fh% péléls%lnc% at
of lewaseronefleulsblie ¢thbummacs i swnitmdhey. carried out in

an arm,gkgt of water sufficient to enable an increase in,
e ? %f]

the reactidhorat A RRPTATH st ER TG Y3 Rpecarried

reagt i OR By¥EEht Bige BaEEoN AUV £AT I1h b Pt chTat NEor 1arge-
substantial absence of water. The anount of water
preseht ¢BPediEeNySatlt ebstPoeDEr el / twl ORg k3t enfehe process

oxider PLES in the reaction mxture, preferably at
| east g‘i ﬁ%h’m)l al kyl ene oxi de. An anount of water

presentubdfalaie | eastt Do trarhpemd tad &y | Bne e dea tt 51 yibisd

referred, Preferably, the anmount of water, present is
P eSarbRER At oI 9 ﬁ%ﬁ/%m%n%xwﬁe,a%%d S1'e? ab§

| 658 tb80 Pnioh{ 1Ok Sfec %gﬂéﬁ{‘/ﬁlﬁrirgﬁihf‘nrﬂf@ém&f Ofrom 40

wat er gresent of at nmost”2 nol/nol al kyl ene oxide is
mos® pYefer reenpaerjyugeedin eshe t samgs eo Hebrombd @i hedl20°C

usin agefrmunt of water in the range of fromO0.5 to 2
a

mot %/f%cri}é oxi de.

The reaction pressure is usually selected in the
range 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 6 are comparative and Examples 7
to 22 are of the invention.

Examples

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

General Reaction Conditions: Examples 1 to 5, 7 to 9 and

13 to 22

The reactor was filled with water and the alkali
metal halide catalyst and, for Examples 5, 7 to 9 and 13
to 22, crown ether or PEG were added in the required
ratio to provide a concentration of halide ions of 0.12
mol/1l. The reactor was then purged with CO, and
pressurised with a CO; atmosphere of approximately 5 bar
(500 kPa). The reactor content was then heated to 80 °C
and the reactor was further pressurised to 20 bar (2,000

kPa). The ethylene oxide was then pumped intoc the reactor
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It is a further benefit of the present invention that
a close to stoichionetric anount of water to al kyl ene

woxha@i49s8r exanpl e an anount of water in the PanEe2@b/064973

from21 nol/nol al kyl ene oxi deito-1.3 nol/nol al kyl ene
oxide, is particularly suitable for the process of the

Presentcduedtions JARSe Ofy 1015 AU ol 1B N
only provides excelfent activity and reaction rate,
butol fmal swas exeresed hoanixatp bés energys r efuio ed, 3 and

t renmoyal of excess water, if necessary, fromth

b PO GRS e et VT TS L I dtfRFeached (see
al kyh BoE3 caf honad et $s& Ubs ekiant1d/s to ber comverded it Orhese
the correspondi ng al kyl ene glycol, a suitable anount

of CopdEriprs arewady b exdmliqe t¢rneericta ok of ¥ 0118

T [ r t] ] xt the

iR e] SEET e el AR Pl AR x ure
sepalat @l yed rom tihe atbdyd enempxtaeurdl dred natév@lye t gy the
al kyl ene oxi de and water may be pre-m xed before being

s %Werau?%stmp%%c? rCO)n a0 % SEELESd “ESo i adt

thee @ygﬂttgﬂe_ﬁmtélfwi@n@n@xmﬁdﬁ@@w iﬁé(ty_{c?u{cﬁ om

an al kyl ene oxide reactor is used either wthou

f ueh hemapeorarhy st@ps) or after some concentration in a

i SeBPELon RAAPLEOTRE Mendle T (Tt ot ne

. ption with water of The

productTiséreamtsoma@s filled with propylene carbonate
(Example 6) or a propylene carbonate/water mixture in the
amounts detailed in Table 3 (Examples 10 to 12), and the
alkali metal halide catalyst and crown ether were added
in the required ratic to provide a concentration of
halide ions of 0.12 mol/l. The reactor was then purged
with CO,; and pressurised with a CO, atmosphere of
approximately 5 bar (500 kPa). The reactor content was
then heated to 80 °C and the reactor was further
pressurised to 20 bar (2,000 kPa). The ethylene oxide was
then pumped into the reactor at a rate of 6.3 g/min until
the same concentration was achieved as in the General
Reaction Conditions. These conditions result in a CO,
intake of 1.3 moles per mole of ethylene oxide and a
halide concentration of 0.0118 mol/mol ethylene oxide.
The reactor content was maintained at the above
temperature and pressure (by the continuous supply of
CO,) and samples were taken at regular time intervals and
analysed by GLC.

Following the above procedures, a wide range of

catalyst compositions were tested (Examples 1 to 7 and 15

to 22). Variation of the ratio of crown ether to iodide



di rect oxidation ethylene oxide reactor is used. This

nmet hod has a further benefit that the energy expended
wonoi7aokEsi ng t he al kyl ene oxide, prior to thePpTEPe®S/064973

of the invention, is reduced. 1Suitably, the nolar

rati o of macrocyclic chelating conpound to halide in

th [ 1 Xty e | easf_.0. 25:1, re suitabl

BT oF i SE e et T g sl g tene

hadttée | SExxdmpbast1®. B 114 nosdres uidmdtatdhe ilédtigated

rati o of macrocyclic chelatjng conpound to halide is

atTPELRYIRY 7509 Saqs (IS 2t R AR Y Pprgrcedures,

Megd Peyedd Cashed & d norgompaund. 4,0 hal 4 de diso @l iPSfaples 1

10: I, nore suitably the nolar ratio of macrocyclic

ched ati ng conpound to halide is at npbst 5:1. Suitably,

the halide is present in anmount in the range of from

0.0001 to 0.5 nol/nol al kyl ene oxide. Preferably, the

halide is present in an anmount in the range of from

0.001 to 0.1 nol/nol al kyl ene oxi de. The process of

the present invention can be carried out in any

reacti on systemsuitable for a carboxyl ati onprocess.

In particular, a reaction system conprising at |east

one bubble colum is suitable. The process of the

present invention nmay be carried out in batch

operation. However, in particular for |argescale
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enbodi nents, it is preferred to operate the process
continuously. Suitable reaction tenperatures for the
woab@log#d9se car boxyl ati on of al kyl ene oxi des, aeCOMIRIVG/064973
to the present invention are generally in the range of
from40 to 200C, tenperatures in the range of from 50

to 120 0carepreferied— Theyreacti on pressureis
usual Iy seled¢ted|im the range of from 100 to 500& kPa,
prefergbly in the nange of |from 200 to 3000 kPa, Jnpst
preferably ES exorgn?a:)f &rom 500 to 2000 kPax|Fhe|o
fol | owilng ExqipleS' |WiT17(1 |tstrate the inventi Bkl Il
Exanples 1 t¢ 6 are¢ comparat|{ve and Exanples 7 t¢ 22
are of |the ifgvention| Exanpl es The Exanplesg were
caryied out fnjeifthe; & 250 pr a 125 m | MedimeX
autocl aveacqor di ng f{o|the|fpllow ng procedurgs
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to 22, crown ether or PEG were added in the required
ratio to provide a concentration of halide ions of
wO.20@/0mds8 1. The reactor was then purged with €Orame006/064973

pressurised with a CO atnosphere of approximately 5
bar (500 kPa) . The reactor content was then heated to
80 0C ang—the—feat urther pressurised to 20
bar, (2, 000 kRa - hog ene oxide was then punped
i nt-0 the|reacdprab eapf 6.3 g/mn until a
water / EO| r at i 0| of /ol was reached for Exanples
1tb5,[7top I5 to 22, or the specific
watler / EO raki ol was|r ed| (see Table 3 ) in the case
of%Exaan es>19] 11 nd| 14. These conditions result
i nca hal ide cohoent mpf 0.0118 nol /nol et hyl ene
oxitle. The Pe et or nt| was mai ntai ned at the above
t enper at ure?)avnzl DI (by 2 he continuous supply of
C%? and |saapl ps| W ken at regular time intervals
an@ anal ysed b as 1 d| chk omat ogr aphy (GL.C) .

anpl €76 and 10 to 12 The

Redcti on|Eondi i dn
regctor ywgs fijled|wth prppytene carbonate (Exanple 6
[ e er mxture in the

) & a prgpyl.‘fme car bo
amount s det gi FpA | B [AMLESB (Exanpl es 10 to 12), and
cat alyst and crown ether were

thes al kal i ek pl | hal i d
added in|the rgqui [ip td provide a concentration

of »
-

S
o

b3
3

1
o 6959

99
c :9§-m>m @

o o 098 o

= mo
= (U
T2 g e

W U0

Ur—Ur—D (D

gs(U.%gDQC

EO =on

Propylene
carbonate
(ml)

25
23
29
11

(all carried out w

Water
(ml)
3
7
14
25
34

ethylene
20
50
02
80
01

oxide ratio

{(mol/mol)
0
0
0
1.
1
4

Water:

Crown
ether
18-crown-6
18-crown-6
18-crown-6
18-crown-6
18-crown-6
18-crown-6

Catalyst
KI
KI
KI
KI
KI
KI

#: TOF = Turn over frequency (moles of EC produced /mole of io

Table 3: Ratio of water to ethylene oxide

of 1 mol/mol)

EG
No
6*
10
11
12
13
14
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halide ions of 0.12 nol/1. The reactor wis then

purged with CO and pressurised with a CO at nosphere of
wapproiiasat el y 5 bar (500 kPa) . The reactor ceqaraERR06/064973

was then heated to 80 C and the reactor was further

pressurised to 20 bar (2,000 kPa) . The ethyl ene oxi de

was th ed—ntotherpeactor, at a rate of 6.3

g/mn unti he same canuentra|t ilon was achieved as in

t he Gen . Reaction Cpnditipns.| These conditions

result {i i ntrakie phH|d|Jopbles per nol e of

et hyl en 248 and|'q haf|AR°Loftentrati on of 0.0118

nol / nol] et hyllene|oxi de| [The fefactor content was

mai nt aijned a§ the above [epperfatjure and pressure (by

t he continuogs supply pf|d and sanpl es were taken

at regyl ap' tilme i nferval d anal ysed by G.C

Fol | owilngZt h¢ above prpc es, |a w de range of

cat al yst, cogpesi 1i,08S We Q§t(§2d @Exanpl es 1 to 7 and

15 to 28) o. EYari a®ion P @i otbf crown ether to

i odi de((Ex8mplles 7 o 9|) of theratio of water to

et hyl ene @xi de (kExanpl es Lol 14) wwere separately

i nvestijgated]fol |low ng|t ane |gerier al experi ment al

proceddres, §djusted as cekshrly. “rhe results are

shown i|n, Tablles 1 fto 4|.Taple [1: arative Exanpl es

(1to E% and Exanple of |the|ipventdon (7; * no water;

sol vent|yzused|= pnopyl epe| carbonat e.o PEG = pol yet hyl ene

gl ycol .

(2]
Q.

S
moa%ﬁ%cgm%

= o [D
O " DD EFD

M [(N[™M
sy

EO conver

60 m
77
6
6
7
51
7
7

Further examples

Crown ether:
(mol/mol)
1
1
1
1
1
1
1
1

iodide ratio

Table 4:

Crown ether
crown-o
15-crown-5
Benzo-15-
crown-5
18-crown—-6
12-crown-4
18-crown-6
21-crown-"7
18-crown-6

Dibenzo-18-

CsI
CsI
r

Catalyst
I
Nal
Nal
Nal
L1l
KB

EG

No
15
16
17
18
19
20
21

22
#: TOF = Turn over frequency (moles of EC produced /mole of iodi




10

15

20

# : TOF = Turn over frequency (noles of EC produced
/ol e of iodide catalyst/h) Table 2 : Ratio of crown

weoebhero1#938i odi de # : TOF = Turn over frequencyPCmEPE®6/064973

of EC produced /nole of iodi-daeescatal yst/h; Table 3 :
Ratio of water to ethylene oxide (all carried out with

a crownelhebe, 1 O£l 4810 DladndPLLINd 2 1 dFeSe in
Turn over frequency (nobles o produced ol '€ "ot
| ozt deveay abysthid] Jabd Byt Fhdherbexanplesrdase TOF FO

T f | f EC produced /ol e of
| U S AT The: TERHLS 17 Tt oL ceAa(Sagen by an

an hOLELASeih Nr@et i Mot Yrid phe-&d ady sthd sHovehdyodn

increase in EO conversion) and an increase in reaction
r atlExqmmban’ byowsy i preeeasees niMOving ¢dfea rotess of
the j ' ( . 1.).0 processes I.nvplyvin
AP e AN (RAELE, fp s PRLy PLOfRReeE Iiugling

¢ hedm dungd ¢ onpatante (X aspl €o Sche it oy chethpdum® (Examples 1
compound (Exanples 1 to 4 ) . These advantages are
al'so Thowh'$3% FREPRr3IRT 2T FheP prhddntfonviet iRFPcess of

OVEfe LhE- SENE PEPSEESoEaTd £0 Uik L ADSENC Pfed out
water (Exanple 6 ) . A range of ratios of crown ether:

i othh dehe ambsemcessf Watyebe(Esanlia ¢he process of the

I nventipn_as sho%zvn i{]. Tablg 2 . The use of J.\V/\(lzter in

the redctT ORI Xt uF & 1@AdRT 15" A"} & Jo° T provemerd i n

yi ehdcangract § ibé yudsd Showhdyp  biee Sxappl € | thdabt £o8 as
. Further, the_ invention can be successfully applied

t oShedet iBnT ke uf es conprising a

The use of water in the reaction mixture leads to a
large improvement in yield and activity as shown by the
Examples in Table 3. Further, the invention can be
successfully applied to reaction mixtures comprising a
wide range of water:ethylene oxide ratios.

A wide range of catalytic compositions can be used
within the scope of the present invention (Examples 15 to

22) .
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wi de range of water :ethylene oxide ratios. A w de

range of catal ytic conpositions can be used within the
wecopdigfsst he present invention (Exanples 15 t 8CREP200&064973

LAI MS1. Aprocess for the catalytic

car boxyl ati on of al kyl ene oxi des with carbon dioxi de,

in the presence of a catalyti’c-conposition and water,

wherei n the catal yst coppos;jtj onpri ses an al kal i
nmetal halide and a nachkél ating conpound. 2 .
A process as clained in claim1 , wherein the halide

is an iodide and the alkali nmetal is selected from

1. sodt umoptaskeunthe | ¢ ak b eagialar Tom @ goldaslene
| aived. | ' : it [ t .

omﬁ%lgcle H}E %% aogrlé ?#r%%lo%el ’\é\gﬁ id % A&Sersgéc%’gés Céfgeac ?éaa}tr?eldy tic
compbaityi @nearod wdtedmp whdmoeih  thheraidl dte amgraciyted ore

chel ating conpound is a cro et her selected from ,
COmPE 3, 2 Hf beh 782 4Bt é?%wvﬁ]%,aq RSy gble chelating
cotdOWy 4, benzo-15-crown-5 or 21-crown-7. 5 . A process

as clainmed in claim3 or claim4 , wherein the
2. cathlystcesedas schotesdi um ¢ badindel c ot reeidy viilteh halide is

on SIS S BEDER YLELOMES BnBov ol BLSE 05,
potassium, lithium and cesium.

3. A process as claimed in claim 2, wherein the alkali
metal halide is potassium iodide.

4. A process as claimed in any one of claims 1 to 3,
wherein the macrocyclic chelating compound is a crown ether
selected from 18-crown-6, dibenzo-18-crown-6, 15-crown-5, 12-
crown-4, benzo-15-crown-5 or 21-crown-7.

5. A process as claimed in claim 3 or claim 4, wherein the
catalyst used is potassium iodide combined with 18-crown-6 or
dibenzo-18-crown-6.

6. A process as claimed in any one of claims 1 to 5,
wherein the molar ratio of macrocyclic chelating compound to
halide is in the range of from 0.25:1 to 10:1.

7. A process as claimed in claim 6, wherein the molar ratio
of macrocyclic chelating compound to halide in the range of
from 0.75:1 to 5:1.

8. A process as claimed in any one of claims 1 to 7,
wherein the 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.

9. A process as claimed in any one of claims 1 to 8,

wherein the water is present in an amount in the range of



wherein the nolar ratio of macrocyclic chelating
conpound to halide is in the range of fromO0.25:1 to
waeQo/014958 A process as clainmed in claim6 , WRETAEPR06/064973

the nolar ratio of macrocyclic chelating conpound to
halide in the range of fromO0.75:1 to 5:1. 8 . A

process as clained in any-on® ef clains 1 to 7 ,

wherein the process takes place at a tenperature in

the range of from40 to 200 C and at a pressure in the

frérﬁm@eOS’ft$rP®nrﬂ@Pe§O?é_’QOfonSga@fgalk IOCESSI&Spresent in
(0]

claimed in any one cl ai ns , Wherein the
theureactsopres¥hEreén an anmount in the range of from 0. 05
10t 0 P} Pgéggs pgécgp gngftgl gl){l C0g OX Seft Ln thw erein
i eacty on i xture rocess accor an ohe

th@fabk@lﬁﬁelokﬂd@ 1sm@emﬁ1@néh@xﬁ&éylene OXIde is
et hyl ene oxi de.



