WD 2007/ 014958 PCT/ EP2006/ 064973 - 1 PROCESS FOR THE
PREPARATI ON OF ALKYLENE CARBONATES Field of the
woneEuess® The invention relates to a process fROT/ER?E06/064973
preparati on of al kylene carbonates by the catal ytic
carboxyl ation of al kyl ene oxides. 5 Background of the
I nvention Al kyl ene carbonatesl such as ethyl ene
carbonate and propyl ene carbonate are wi dely used as
solvents and diluents in industrial processes. They
are PRQOESE! FORSEHEAPREGARATEOR! D& ALKYLEREMORARBONATES
products such as cosnmetics and .0 pharnmaceutical s.
Al kyl ene carbonates can al so be used as internedi ates
Filel 4 R &rﬁ;ﬁéﬁﬂ al kyl ene glycols from alkyl ene
onates are produced comercially

by fie  imereott iam afelcai:rémrtajm)pmm:ass hfdzhethe preparation

fap&}{;&‘el at e albé{nag{%t %vede ﬂ the art niatlon of

alqgﬁ%e{ena;rﬁdgg)sphom um hal i des and net aI haI [ des are
frequent |y proposed as catalysts for this reaction.

i 40 tHe Aridenk®& 31, the preparation of

nternmediate in the two-step

‘0 @&ﬂx&aﬂe(nanﬁbnauqﬂﬁw&uqﬁ)&xﬂethyiennnnatbomame and
rea tion of al ka}/l enecf h car bon

di d
Propy ,fleesecr?créjod}ataen re wide tthrecLaaﬁ i Vet 9XLEE dlMuents

inUSnhdst3id 194 rdde sid Lotk Y Gitd erdificRar B | wdedfagnraw
al kyl ene car bonate by reaction of the correspondi ng

maéqqewael@e o1, W%qhm%mm@s rcefeepies orrd
ph rn%c?eq}t%ld/a?its.cw Alteld ﬁc%grﬁynéﬂ% fj&[ne cm*}?ae'used as

erein I'S potassium a Als 1o

1rrq:lea:mdlaatge$rﬁrmrﬁhﬁnpm;&0ﬂwmn%18 aF?CE'YEBﬁ@OﬂWDé’Sfrom
15&%1 catl on LR2R3R4N ") and Ais either brom ne,
a ®S-0dine. The reaction is carried out in

al kﬂlmers@rmrméé% drh hEITA | Sorithé Be1 £T1 § by hene

reaction of 5 al kyl ene oxides with carbon dioxide in
regied ige sh (@ 1870y dictds Wik e o ARR P Bt @ bkylene

oxgéﬁﬁlYﬁicﬁﬁé”g¥¥¥t£éﬁ¥ﬁ 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 guaternary ammonium
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listed include organi c quaternary anmmoni um hal i des,
organi ¢ quaternary phosphoni um hali des, organic

WOuptIA®38m hal i des and organi ¢ anti nony hal i deRCT/EB2006/064973

JP- A-59, 013, 741 teaches a nethaz for producing

et hyl ene glycol from ethyl ene oxide via ethyl ene

carqnale. (RIRGRIFGACT | 8A4Ch §5hYE LA O Lafi kL N BEL

di oxi de to(5b§n§éthilene éa?%o%%?ggrsﬁgggéﬁ%ée&ﬁ%P?gﬂg or
quatcstimegr .y e syseortiion hisd | cber riléd Quat eimas)kylene

phaos I?Doni m and anmoni um hal i des are known to degrade
un&nxr%ﬁﬁ;?bn conditions suitable for the

car boxylus-iron ,ofg gl iyl eng Ddelased Y SLKANCd £8€14R of
contani nation of the product streamw th degradation

pr Gddetengh Pl withediathamn dipxide pinitlye gpresen@e of a

r equy r { he u LY. anponium. .
e Sstmor it S]IF 85 bl R AR PR cdoms
whildfstade istedincte comzoird syttt iy peartesretie chdyides,
their odour at very lqw |levels of contam nation (e.qg.

ppPATGRN G HARRHIALY FNOFRIQI e halddas, gmris in

the i i Hf1ildis Sy r;?,s} '

with gol ;lélt hers sllf{:b;s as po §E%|ﬂ%{% colf]ﬁa%cgg%r own

et hers aP-@&-dt,d1hd,i7d1l deguies imdtthod Eor producing
carhoxyl ati on reaction of_.alkyl ene , oxi des t kyl ene
carstvhede e PRSI tedRore cthitate

di @drdna®. MHPaedtiblicl SH P Gxie WA | @rbon
with 1,2- epoxypropane is taught in K Kasuga, N ‘
Kabdex1de f& farm £ lanes cathengisy g gphabysed with a
He lgpa ti 4908 BCHFRZ06/ 064973 3

co Fhaf¥§%%g3%§%%7un1|odi§§J§%% 15-crown-5 was found

to gi vQuatemnaghesthogpdiahiom mrapammdniimdildlides are
carbonate fo this reaction, when carrjed out in
ei#ﬁ&ﬁq: QN4§Qﬁﬁ#%Hun_ %ﬂﬁ?ﬁQﬁﬁQQEﬁﬁﬂé¥$ﬁ?ﬂ§ suitable for
expeld Rt dastiidied i hiGyIRHd dediddy. KHBD, caP lead to
Pogozel ska- Mar ci ni ak Monatshefte ftr Cheme, 115 .

( 15t apgRagriorndidfe dihe) REpdurt e poitds slegradation
ph anst CTo LTl SB35, L at I inthe

react ic{%s ofa(?’gj variet )S;eyo < epot%o eglr\evi%ﬁﬁé i%éxg%éryd‘?%ﬁhe
torequired 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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10 yield the correspondi ng carbonates. In these
experinments, the reaction is carried out in the

woreerdssf a solvent. |In W Huang, S. Wi, et BCT/EP2006/064973

Fenzi Cui hua, 12 (1998) 447-4523 +4 he use of
cycl oethers containing netallic iron is conpared wth

th%dﬁﬂiﬂyiﬁﬁﬁ’oﬂrgddfﬂﬁj%?Hﬁqgtﬁﬁéﬂfﬁjé%éu%43”ﬁégngound to
di benzo- 18-crown-6 as carboxyl ation catalysts 1hn
comiivieattihen hdighesiotyisslidimf qiapmrferl thedichatabondte for

et hyl.ene oxi.de with carbaon .di pxide in tetrahydrofuran,
o e eRsucprtn M e et R b SIS S Lok fem or
di gaemaddomdtdar@onbi nati on of 20 al kali et al

hal ides with crown conpounds in the preparation of

al kyl ené&heamrpegiaenteh deaagpdred ilgh G+ Ratickii V. Kuran,

agal n j Ubad 0 s 0 vent .. Th

B oL R MR e | A Clfemi g 115
TherieBdne 2 e res elicfe ciseh teprimingdse Witlipad ok e sh1t-
be _unfavourabl e on a commercial scale. Summary of the

I n\F’&ﬁ‘tsﬁeoﬁrﬂﬁ’é SARNG AESRAh 35 GAtRY S prigtdde for
t heeacaliding id¥ GRRRPEEL I fodlded %ectp)%%rlwcéfbxide to

carbon 30 dioxide, In the présence of a cat
coydedid itdre arvd nestpendiwie rasinbare et dlry these experiments,

conpasi tion .comrises an , al kal. tal_.hal ide d a

o S LB (ORF b G il LW OGRS L @ Solvent.
PCT/ EP2Q@6/M164Ghg,- A wist aid ed Desaid ptdwimed, t1e (1998)
I nvention W have now surprisingly found that a

cattdydidg, dhepawa icdh sHneEierg aradninggetallic iron
hal;igd i k .
haseBhady TRAPeHl LR e RS 40 AP SR Pene

comlgspdsdiangl ddlderiznd Scartowrate s s igatbmx st ecafalysts

antr BEBe Dot (T CHARR M i, Teaction of

caekbiled @kitfe ditraldadRie didgRid ot R trahydrofuran,
correspondi ng al kyl ene carbonate 10 using the

calaiL@ dhago tdrdred ad Pordd tUsehs taught in  the

B ibscau ™ aatilon 4GS U R Aon of

solavémt]ls imetal 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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unnecessary while the explosion risk due to undil uted

15 al kyl ene oxide is al so di mnished. The al kyl ene
wWOxDe498ed as starting material in the procc®SI/BP2006/064973

the invention have their conwenti-onal definition,

i.e. they are conpounds having a vicinal oxide

(CRALMLIO MRk iphaih T 33 SR L1 oL 20
su eral fornula

(1), RlLWEeRRa®®3 nid4 @MtpﬂaslﬂbhyufdﬁndIﬂhaU)é%batalytlc

|nde ndentg%bregreseSF a Sggn ato }B#%Qﬁn%chﬁ

6 ﬁéb%& QRS chA 3! cﬁiﬁ&'ﬁr d ' GAsRELGHy 25 RU
R2' R3 arﬁor R4 preféllr%bly has from 15yt-§g3 car bon

at 6aEborylaion ofemlky lienge oxideasitat itde cmcneamndmg

h Pr ef bl
/SR RS IR 05 P e, RSP ool s
208740#4%%% PGE&EP%QO&HEE@EE%dfécuﬁﬂtﬁyﬂxﬂdtﬂ&ﬁﬁiof

Cl- C3-al kyl group and, nore preferably,
andeRELAPN comPaTest toy Hhey&rtalotsc %@M@sﬂf@fom of an

' |
S0 ierd i i L 4k Y o
2, Bsépgx Lhiet aad.a Lyt icheompessdrtti drsy emid erondie st taught in

prg erred alg%Jene oxi de is ethyl ene oxide. The
8 REEN 6 Tal kyl ene oxides is well known to the

Sk' | | ed FR@AHRAmArR,t A ¢} ProRidyd e tddand tsd’f?é/equent
be prepared by the "wel | known direct oxidation of

et EpPagat ijone angy %wqaahafgmmmta@venm i | ng
si g\ié%c%%%%‘%yc%ﬁl 155N qﬁﬁ %Prcﬂlaemto ur}dlluted

erators gani c ee for exa
Ki' B kit lemer osudEnd)sclad;mdlamJ‘m@m .cal Technol ogy,

4t h edlt on, s 923-940). 15 As used
her ein, ath?yﬂweéﬁqﬂ S AA56h &% AN Y ppterial in the
%oes%@gebqsd ek ¥ IR tG/P $RAtL S Hek 13 -H e ttisréal

ones) of the general fornmula (Il), 0 010
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),

R*—CrZ®—cr*—r? 1,

N,/

wherein Rl to R? independently represent a hydrogen
atom or an optionally substituted, alkyl group having

from 1 to 6 carbon atoms. Any alkyl group, represented by

R1, 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, Rl RZ and R3

represent hydrogen atoms and R4 represents a
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(Il') RL R4 RZ R3 wherein RL to R4 correspond to Rl to
R4 of the parent 20 al kyl ene oxide. Therefore

wezDa7Aiessal kyl ene carbonates include et hyl endCI/EP2006/064973

carbonat e, propyl ene carbonate5 %, 2- butyl ene
carbonate and 2, 3-butyl ene carbonate. In the present

inHSHLBQBsEEQuEBatCR%F&?Eﬁﬁ§la Wl n%nﬁarmgyg‘iﬁﬁﬁgﬁgbly,

the general fornula i s“ét Ryl efie carbonate,

255R1, o2, B3 do B4 I t n_at . VWO
2007/ 074658 Pé@ﬁEgzoSE;Log%g’%gé?‘Qe h@@o@%@d aﬁcé’?‘{eg‘?'n,

al kal i Bramplbal bfiesnétabiet alkylleal dxidesa trafore
seleciea fro roup 1,of the periodic table

(abBEHiPRgeERYE BPRCOKGAENCPXORNAEBE Pifdfgan e 2-epoxybutane

ChgAish! ¥-epea9BiRadal | 1S tha9PreBlbatk Walvlen®aict iHd Grost
5 Publications, 1990. Edited by GJ Leigh). Preferably
t here§esupdl adkyakenes ogddecied ethydesedioxihdepot assi um

A e g e

fronei piidliéed pbrebndeIandhkr edisde ofMethylwnlealdxidd,heit may
halide is an 10 iodide. Mucrocyclic chelating .
coRBobRBR2EPE Rifokhe- Wedd kppwWhegimpIcs 9ﬁlﬂ§%ﬂ93 124

Ad ganic equ St Ly, ti , ha

i oy rag OFTRE BRTRAR BYog VERH piRaeleR SHI T A
Theylhavebabkedprapailygtsf ahdr nmifignl alsonplreaed ovMrciderators,
positive_ ions (catiqgns), although they can .also form
CofpbexBEIRLR HBULARS H3PECARE SRS o ide s Otraih

Or 8ARE1bpBaALS! BYCELHRRiGAN! Telhnd1dgR!, U iIdyi©fon, Vol. 9,
het er oat ons such as oxygen, nitrogen or sul phur. They
capagBe R8Ro8¢eli-c, bicyclic or cycles of a higher

or der. e b i.Ag O ati_ons i e I S
t he res%Ptuggd ?gg?ggpoFE%aFF?QbFﬂ%ﬁ?ﬁﬁ%\ﬁﬁﬁﬁﬁﬁﬁgé Zeters
heter fiavvermeabedrebe algdehiev earbonatEsug,l , e imudiean-2-

of the heterﬁatons in tge | ecul e determ nes the

bi ABFRY O LGt ACRRTSLNAOEMPdaard shape of the cavity
determ nes the ions (or neutral 25 nol ecul es) that can
be bound. The macrocycleis called the host and the
ion is the guest. Om ng their shape

(I}
R! R*
2 3

wherein Rl to R%? 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

R1, RZ, R3 and R4 all represent hydrogen atoms.
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and size, the ability of the host nolecules to bind
guests is often very specific, enabling the host to

WPLMT7/01498t one cation or nol ecul e out of a m XRCK/BP2086064973

It is envisaged that any macr-ogyel i c chel ating
conmpound may be utilized in the process of the present

i nventi gg. uEGHZggééﬁﬁgggﬁgsgg(ﬁ@%g965g§i§L3refé§sh¥QF

best - known nacr at’i ng conpounds are
vvhbaémeabtf ar menal ok lelt ede feom igymaparle ofX e pedivdic

part | r the crown e erein the ring structure
Pt bhieu heroreing EromUEt NoeRcd At < A dnRrgantc
Whehémmstoﬁhﬁebb&&eﬁﬁb%ﬁbﬂ%el@@Oth@T%d##@@I“SE¥Qnt1flc
(bicyclic, tricyclic etc.). Wwen the cavity of the

rraBld éygaélpgs.séﬁéﬁu cEBdited kil &cdl ésellsghdal |Pmg¢ferably the
PRELE d 9@.@3& re l@é@e’dﬁ f&%&e%oﬁrl Le g’ﬁé:ar%sﬁd%d Sl.J.thlum

a I Xa enes, cryptopnanes, em spneran

10afidovesduber soate pugtfalrap1genahed gipuphdi dteflalis
nunber of atons and_nunber of _heteroatons in the ri

ol BEtesRLtMe uEHLEaRAEn Shes Balide, dpised egted Trom 1odide,
122518948 ﬁhhlbroﬁidﬁrowgg% @Uxhgﬂy}hlﬁpe halide is an

di cycl ohexano- 18- crown-6
aoiodfidel) (IV) (V) 15 In the present invention, the

macr ocyclic ch E% ¢ gg ound is refera% y selecte £
from t H&°Y PSMS WA T LEPh EPRPRREAE GEEANGE oy §e€ for
pr ekamphky J.t M@r&‘hc FOCpevat ced Ordlinit CHERAWTY;S 2
crown ether, selected from 18- crown-6,

di ReaztidBscr Merhani Bhsc aodn S5 rut2uresyn4FN 2aition 1992,
DeEoR5aeT SN 5 8L B Ol L BV SR oS BT ab g

Theoﬂa%ﬁegcwﬁh%%lsatﬂl% GRRROYRG taRM 3l 'a‘iQ:HHi%rpQ:hey can
m xed forma conplex before addition to the

reaéﬁpoﬁorm regpdexes widhmasugepdl melsisailss.nFhey have a

OB SIS 30,98 R 08 A6 B prucanicy of

PCheEB20@60064303h 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 heteroatoms 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 is 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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8 Preferably, the total anmount of carbon di oxide
supplied to the reactor is an anount of at least 0.5

woubemmhessl kyl ene oxide, preferably at |east 1 BGH/ERAHP6/064973

al kyl ene oxide. Preferably the7tetal anmount of carbon
5 di oxide supplied to the reactor is an anobunt of at
most  RQ BRLEIRhoRhKKAERECQRNYE: cHBA f elaohy

an anount o% at ﬁnst 10 ng??nnl gp&y?éﬁg%oﬁﬁgg#ﬁﬁﬂgg are
ustboher wharetihealdacri mosbeiofig thar hete roattoms tHre oxygen,

D PSRRI nh e 8t B, G HiSborure

I ngseaqe-dinkbR8ibaatt i(RBnbaye1ard bLhe ¢dkdltSbtands wherein
activity in the reaction over the sane reaction

cthﬁeélBgtStﬁuﬁﬁéres&ﬁstaﬁﬁﬁaﬂimﬁgéﬁggmﬁ (Wetcarclithe

a : re y a .
PYILYBLACLEL B RhEh, chS WVIEL ¥ dhilie e 1
m gpHeeicpiletaeahbleguilkedst c@llenplspieranal Kytérad more
oxi de, ,An anmount of water present of at |least 0.2
moPFRBLECalKPPENBYEXFHE F&liFar RSt o YR LORNENSSaD| y,

thﬁeﬁﬁgﬁﬁérﬁﬁdﬂahﬁa Bbﬁaﬁﬁhshs l'ess than 10 nol/ nol
al kyl ene oxide, nore preferably less than 5 nol/nol of

20 al k§kews ekhess Ameansuailyf deacsedpbyssheist tatal

nost mol/ nol__al kvl.ene oxide d s _nost _prefer.red. Ver.
CobtmBrEaRie: Sthnde HEcRSRBER neaRsTRrsRrtsdmins & iha,
vwapehsi Bubkhethange eheh’ pre@entl 0 EXample®lard kyl ene
oxide. It is a further benefit of the present

i n¥énerennriat 1133 , 3 1or&xewng Sst{diVe hiagwe ddicy cdahiaranst-18-
wa oralkyl ene oxide, for exanple an anmount of
ma%gpw%nstﬁgxfange of from 1 nol/nol al kyl ene oxi de

to 1.3 nol/nol al kylene oxide, is particularly

suitable for the process of the present _dnveption.
The uge ok this amsu Oﬁ?\yater not 30 (onl yopr ovi des
excePl ent Getivity and rea¢tion rate, Put it al §0

r

reduces the anountQof ener r equ dfor the
of Lexcess watler « i f necessary, 1 he reaction
prodoct. Abfernatively, i he produst . al kyl ene

car bohat WD 20077 014958/ PCT/ EP2006/ oaigz 9 |
wa r

subsequently to be converted into the corregpondi ng

al kyl ene gl ycol, a suitable anmunt of I"s~al r eady
(II1) (IV) V)

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, l5-crown-5, l1l2-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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present in the reaction mxture. The water present in
the reaction m xture of the 5 present invention may be

wodde14e58t he reaction m xture separately fronPGFEP2006/064973

al kyl ene oxide. Alternatively t8he al kyl ene oxi de and
wat er may be pre-m xed before being supplied to the

reactor Prla?eﬁ'aBg_e?f eli:!’lgd £HTRd AR, +0h rﬁ Ig%rf!g%v %ﬁ.ﬁ:&'ﬁe

an al kyl ene oxi dé product mxture fro ene
oxBdppiéadt b tbeusedcsorhds wint Aoounttucithert 1pmm¢eﬁss

ste r.sone concentrat pRer {
o BB3/ R 2 1 LRRR ohR G PR RREAE Tty dRES oy Mt /ol
byaakgoepki eridet hpratreradl vt ReePiodda! afci@amdf Hardbon
di rect oxidation ethylene oxide reactor is used. This

15dh@tthé§ FRSPA irdr thelthsemepctorhds Be agwaindy of at most
X B509881 Rox! ANUGHERS LI KHLS0 (Yol Uy L amount

t he "process I'nven |oﬁ I'sSr
t hefmakamosat 10 mblﬁmﬂoay.odylen@heixaamg conpound t o
halide_in the Leactlon xture i.S least 2Q 0.2

more sfit 46RY PRECABY aft alrieé‘ﬁ:tép eiogy Gareied OUt in the
Chﬁk@%bﬂ&ecg'fp%ﬁl@rt Q‘el'f@r'sd%o' he! Lje%%‘:ttlo% BelindRrried

surtably the nolar ratio of macrocyclic chel ating
comrpbunn ao amiougs iof wategasuffirdent $wi tessble tare

nol. ar ratio.of pacroc l.ic ch Iatln (o] pg0]e]
o iffEeaser ¢, tRRCERaHEIph RAE Wl SARAI Y activity
rathotak r@&@:ﬂ:@.@hcblv@rcltfh'eatslaﬁ@ GG cardidlddedts in the

at nost 5:1.  Suitably, the halide is present_in
anBURetRRtiRd P&ﬁ&QG@f°¢r&ﬁ¢GIOO@ﬁQJ§m9Q99n9@lﬂﬂter present

al kyl r.efer [ r

o E38a B 1SR DRI RP(RERE prbsent
rmhhmtxhealrleya]c&n.@mmldcaurﬁhe predersd lof athdqarsetséhtl mol/mol
i nvention can be carried ut in _an reactl n s e

S UPLABILE RO P By By ARt | Grrert of ot Teast
PCY/, E%@Q@A&@%ﬁylenleo oRLdRC 635 mdst @ﬁfetﬂd?rlﬂe'ﬁ Breferably,
reacti on systemconprising at |east one bubble col um

| st§@| fapuat nﬁewmt@creﬁe@rermqel%rl@%tthamérﬂ st AR

DEFAIEE A ARSI SRR § oo of

pr efléylethet @xdpkr.atte tahre:mrtocce?sswatmwtpmmﬂﬂ yaf 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/mel alkylene
oxide, is 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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Sui tabl e reaction tenperatures for the catal ytic
carboxyl ati on of al kyl ene oxi des, according to the

Wpor20eHo4948nvent i on are generally in the range oOPCI/EBIM6/064973

40 10 to 200C, tenperatures ing he range of from50 to

120C are preferred The reaction pressure Is usually
cte n th ge of from 100 .t kPa

pre eraEF?quﬁn e % ng8 SPRVEESESD S ° Gqﬁﬁfsﬂﬁﬂﬂlng

pr allgyakhg Igllyt:b& r angaighble Eﬁ@iﬁ\n&o%ﬂ wad0 idPalready

The foll ow, ng anples wll illustrate the invention.

ExHﬁﬁF@QtllpotéeaFéaEG&ﬁ§rQFP¢@r&hd Exanples 7 to 22

are of Th@ew'amé%nbhcggen%xﬁﬁplt?é rzaet%ggm nﬁ%ﬁﬁ %ngx the

carried out in erther a 250 or
aupvekent doventiing mayt be faddednitog ther a@ammm mixture

ner al ction Examl es 7 ta 9
o BSba5aFE 15} F3hn P, clkYiens: SHLsE AT SREs vty the
thgiahkahie ofBle! ahdl Wdectatmly Be m—ﬂlereoﬁwﬂﬂﬁs Bbing
7 to and 13 to 22, crown ether PEG were added in

t heuppddrhed o2t heateacterpr 3 @epareé@rc:@qt epbosiimemt of the

hal, of._0. L/ . :The._r tQr . he
Do ihEnkIBh, OO aly1Xhe loxs HAE BRI i3t brom an
of adRylexenakdde Trehator( 380 uskd) eitiher sddthoutc dirttier
was then heated to 80 C and the reactor was further

pr BEOGFESetER320Th Al e, GONS3FRSEIL TRt &t A éhestripper.

0oX [ 53! gﬁg@ps
PC¥ /g %P 06%%?%89 %@. e%hgltltegl%r gte g\egrs?r?rn% unt’i | 8formed

a bt eb;sE@prtamowoithlwatemldfnmha/\@srqdemmﬁ@m from a

9 13 and ,. 15 to.,22, .or .the
hBIRPEY Paidatich sRriekd PdelFebest 4H . This
t hpetasd BOasbEeafRirehek0behbfil? ta3d the BIRSRY expended in
conditions result in_a halide concentration of 0.0118

noRARBP tAPRy (L8fe adkivdeneTiE id8ac P Totte i qurocess of the
marlm,@hrgggmat ;he -ahe\wg tenperature and pressure (by

th contintous supply of C02) and sanples were taken
at re@ulidabiliyne tihet eolalrs ratd cand] yeed doyadds: |dhpliat ing

compound tc halide in the reaction mixture is at least
0.25:1, more suitably the molar ration of 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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10 chromat ography (G.C). Reaction Conditions: Exanple
6 and 10 to 12 The reactor was filled with propyl ene

WOMTHA8 (Exanpl e 6) or a propyl ene car bonat RETIEPP6/064973

m xture in the anpbunts detail®d +n Table 3 (Exanpl es
10 to 12), and the 15 alkali netal halide catal yst and

CrpvecekbBer inepartdeadari, Nat ReacRivh’ 8¢ st @dmprising at
provide a concentration of halide ions of 0.12 nol/I.
ThéerghcPBe RHBPLReROpUMgeds @uikabd®.and pressuri sed

e “aREPpAERI BRI, AR TRUSHE B Di M ot

andut hénr batthr opegativhheHowpvessuins partd Rl dmrfor large-
(2,002 kPa). -The et hyl ene oxide was , then punped into

t hBCRLECPBPOGEMENL iy e 15f 16. BTGARTA G OPEF@tSaie pProcess
CORERAL hableRywas achieved as in the General Reaction

Condi ti ons. THese conditions result in a CO2 25 intake

of 1.3Swbtablpereactaonf temppirenuresi deratdiea catalliytdc

concentration of Q.0118.npl/nol. ethyl ene i de. e
CoRRERPRONARARR ol SkVAPRe B igE ) st hRr Y o TR
t eppesahtr eneedtpbas aree gehy rahe yCant ithieouangePRIfy fom 40
C02) and sanples were taken at regular tinme intervals

anb® 8003Fal Fempepptures iy thei Agnoge ofpdrem 50 to 120°C
pr d i de range of catalyst conpositions
me?ggtgggggr?EQEnples 1to 7 and 15 to 22). Variation

of the Thei eeabtdbawpresiaret dsi adgudd IWOs21@H &N 958 the

PCT/ EP2006/ Q6497 - 12 les 7 to and of the
S ERBUaT SEatErm 100; P 5000 P Rec DEEaTARNY I8 the Aange of
VeEgomepabatel Booovephl, 9aad preldedding tike t$@" 8 ange of

general experinmental procedures, adjusted as
nefeemabP0 Tre2088ulkPa.are shown in Tables 1 5 to 4.

70 L0074 AN BRSO 1 S

H inehltion. Examples 1 to 6 are comparative and Examples 7
to 22 are of the invention.
Examples

The Examples were carried ocut in either a 250 or 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/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 B0 °C
and the reactor was further pressurised to 20 kar (2,000

kPa). The ethylene oxide was then pumped into the reactor



Wmmmt rn O)Mr Ewrn U41 Ei ) 01 01 01 0O) N N ..

14 >t >1 G NOr-1 HHI -d?t 41to 4-1 a) b+ UU
WORF/HNIAB8Y G -0 4-4 0 0 -1b OO 1g_ ?t0 O to BCT/HB2004464973

CEW COWWr-4 N> 04J - B8Bttoor- r- 0 44 dP CD

1-4 k 0O() -t 0an 0. -1 a r-1 OWuUE4P WEO b

0 M0;0 1 ' 0,T rl

0% % %tiﬂré{f/v@ QS?mJl.g) fn t614aN918tér6E5 r'atEg) o'rfEl'l 8

Lgm¢lfm¢l|waslreached|fo:}ﬂm€m§ﬂ¢sNﬂHtN W 7-tom%4-13 and

" 55 010, B D5 \ERE\FPeatEie wRrErZEg Bptso yas tRgghed (see
. Hap¥e 3) 1A theFcaskOokOEkamples(80,! 1h,Ui2 &nd W4. These
5 conditions result in 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 gas liquid
10 chromatography (GLC).

Reaction Conditions: Example 6 and 10 to 12

The reactor was 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

15 alkali metal halide catalyst and crown ether were added
in the required ratio to provide a concentration of
halide ions of 0.12 mol/1. The reactor was then purged
with CO; and pressurised with a €O, atmosphere of
approximately 5 bar (500 kPa). The reactor content was

20 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:

25 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
C0O2) and samples were taken at regular time intervals and

30 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
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04/ Q14 P 6/.0649 f*' 1
C»(Eﬁﬁﬁgﬁ%g i 8& 8? EST % %gg ggl gy ospthylene
1oxide D(Exafnplaso 103 t6 Of ) mw@rﬂil b@era&EM1mv@sTﬂlgited

3 4] -PO a) C>1r-1,0
follo ing the same general experimental procedures,

adjusted as necessary. The results are shown in Tables 1
to 4.
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results in Table 1 denonstratel@éan-increase in
activity of the catalyst (shown by an increase in EO
conver sigg) raeqlag aac&:sm% hN Jehdalsit 2R eAn GHOMLLY in
an increase in TOF) for the process of the I nvention
5 aekampkty 2 bther cptede'ss:es(shwol hwgmamiryaase in EO
co Ltiens,compurising either i ne che

oS RESERANAPE afl dRcRshaRoi FRGCEIAPodAse (shown by an
( Exagpkaselint 20f). fEEe%ﬁeafL%&b@%e%faFt@sea|1$ﬁéﬁq\Mh
for the Erocess of the present invention over the
safBxamBdesd) cavereBrogesses Anved vibge @& adyskat er

at. f.cn t : |

canaBoEsthont FOREEiBinb kIohed o7 1IRT UHar Y
i ngempoandagExahple 50 dabhe Zhelhe inge colnpoainel (Bxamples 1

the reaction mxture leads to a_ 15 | arge i nprovenent
i ntyi 4 TRasgc AAYRRY 298 5s REGn 2y Ot ﬁ@owaéﬁm &dig process of

Ta@hg ﬁreEHhEhghvehhgohnEQQE'Qﬂepﬁﬁmﬁepé%%%%%ﬁkgﬂeﬁed out

applied to reaction mxtures conprising a wde ra

of inatbe: ablsghere ofx waserat(ExampAeniéde range of
catal yti osi ti 0 g gan be used Q MA%@{ the

scope. of FRBIBT BEcRBCRRelt: SF MEXS

17su€kakBEully be used in the process of the 1nvent10n as
shown in Table 2.

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).



1. A process for the catal ytic carboxyl ati on of

al kyl ene oxides with carbon dioxide, in the presence

of a catalytic conposition d water, wherein the

cat al yst conposition conpria s an al kali netal halide

and a macrocyclic chelating conpound and wherein the

water is present in an anount of at |east 0.05 noles
Chaimsnol e of al kyl ene oxide. 2. A process as clained in

claim1, wherein the halide is an iodide and the

al kali nmetal is selected from sodium potassium

11! A B RO AT sl B

rern pot assi um
dibmid'gpl'm mmé.présmiﬁesa cat:’.alytlafmﬂoiiticlm and avaienﬁuhﬂerginﬂel
to 3, erei.n the macroc C tin onmpound .S a
catalyst caRastion comRIIFes aialkall Malarhalide ahd,a magrecyeiie
Rt Sofipobiy S Aghor, o prds e i dn S gt Bt oot

0.0banoled perimasleial alkyerenoxidgst used is potassium
i odi de conbined with,18-cr

. wn-6 or dibenzo-1 . .
2.5” cr DRSS lalined i ekt o PsHER (TR RS snan fpdide and the
alkhiRirigtalls Seleeted REREESUILNG pBRisBium Aithiim ahd'eeeiupeyCl i C
chel ating conpound to halide is in the range of 0.25:1

3t 0 18process as glaisned in glairo2awheatieinthe adkal metalhalide is

he .ml ar,. ratio of macrocyclic chelating conmpound to
pé{gﬁ%lﬁ@ %Q' % the range of 0.75:1 to 5:1. 8. A process

4.3s CAProdsks ds slaimed in ahy ohaidfldimisol 1o 3 Whemimthene
process takes place at a tenperature in the range of
maceyalic ehelativ@camposndds agrews ather selepted ey Soerown-6,
dibeRZ-A @%rb&n%’,%-&%gvn-g' 12 PORASS BeRo A2 ERM-5 Br 24 Ycrown-
one of clains 'l 10 8, whereirn thé water Is present in
7.an amount in the range of fromO0.05 to 10 nol es per

5. xt AiREOCSRS 5 CAITBER 6% CATEGE of A 4. WRPTOna s Patalvatsed is
pdtabSiuth iodRfd EbMbinad Witk Y BEREwn B bAgibehzE1 1BVt @WM-6XI de.

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 0.25:1 to 10:1.

7. A process as claimed in claim 6, wherein the molar ratio of macrocyclic
chelating compound to halide is in the range of 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 from 0.05 to 10 moles per moie of
alkylene oxide present in the reaction mixture.

10. A process according to any one of claims 1 to 9, wherein the alkylene
oxide is ethylene oxide.



