WD 2004/ 089923 PCT/ EP2004/ 050477 CARBONYLATI ON OF
EPOXI DES The present invention pertains to a process
wo e00408®23 car bonyl ati on of epoxi des, to a cat aPgEEP2004/050477
system suitable for this process, and to a process
for the preparation of the catalyst system 5
Background of the invention CGenerally, carbonylation
is understood as the insertion of a carbonyl or a
carbonyl group into an organic conpound. For instance
the reaction of an epoxide conpound w th carbon
nmonoxi de in the presence of a 10 catal yst conprising a
netal selected fromgroup VIII of the periodic system
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2 present 1nvent10n, carbonylation of epoxides represents

15 the insertion of a carbonyl into an oxirane moiety under
formation of a 2-oxetanone (B-lactone) structure.
Processes for the carbonylation of epoxides are well
documented in the literature. EP-A-0,577,206 for instance
describes the carbonylation of epoxides to obtain

20 B-lactones or PB-hydroxycarboxylic acid derivatives of
these lactones in the presence of a catalyst system
comprising a source of cobalt and hydroxy substituted
pyridine. Although proceeding smoothly with ethylene
oxide, this process does not give satisfying results with

25 substituted epoxides, such as propylene oxide. A further
problem with the carbonylation of propylene oxide in this
process is that instead of the desired B-butyrolactone
the process may yield, partially or completely, a
polyester product, as described in J. Am. Chem. Soc. 124,



2002, 5646-5647. An inproved. catal yst systemfor the
carbonyl ati on of epoxi de substrates having different
wanggwmeent s, the catal yst conprising sever al PCHEPTNG/G50477
Lew s-acid coordi nati on conpl exes and a source of
cobalt 5 has been described in J. Am Chem Soc. 124,
2002, 1174-1175. Although the netal conpl exes and
catal yst systens described in this docunent allow
conversion of different epoxide substrates to the
corresponding nononeric (3-1actone products, yields
and selectivity are 10 typically low Therefore, it
woul d be desirable to have a catalyst systemwth a
hi gher catalytic activity. It would furthernore be
desirable t a tal yst tem and a process
that woul d 23’5)21 59463%‘1421 Va PR F5Ea1%t AGHEMEPT ¢he
product . 152TW@V§“h§SOﬁéﬂﬁﬁé%ﬁuW%Hﬁésdmﬁﬁwewféﬂﬁa¢yst
system whishstisudrtghkye effairtti sc@piiniddieeveasibearybaitci on
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anount s of ﬂﬁﬂ@@l@é@lﬂb% PP GHirc tecunentdalfel yrmrerZiabiadn
products. Sumrpeey: efoxt e sizyents 0 thheopresealing
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carbon nonoXide I'nh resence F system

cont ai ni ng %a\}ii)lyébrfﬁifﬁ?@n igh a\/\)i’f@f“%ﬁ ﬁattaﬁ%tlﬁarc ’c"lty Ie
conponent iwuid Setihemont o esigrbirote himet alcstE edteeywdn
from the gmouppearsd shdtngoudd yealal doperyushesinuyn and
rhodi um aggmkggs§ggggg conmponent is a coordination
COfT'p| x of a 31“9 ega{sag%rgoelne oCo on%ggl \c/:\ggat.l] s%ns S rmre
of the nmetal s  bel onq % i %rou cons stl% "of
groups |11 AMRY *F IFB™Y of ff‘ﬁ VD et (BYiICCTRYEREH ©
| ant hani deseranteacPi mif s, thARROV440893 28 gnificantly
PCT/ EP2004/ 050<k/ Yurnover (defined as mol product/mol catalyst
employed) to the corresponding p-lactones, without the
20 formation of significant amounts of undesired by-products
and polymerization products.

Summary of the invention

The present invention accordingly pertains to a
process for the carbonylation of an epoxide by reacting
25 it with carbon monoxide in the presence of a catalyst
system containing two components, wherein the first
component is a source of one or more metals selected from
the group consisting of cobalt, ruthenium and rhodium,
and the second component is a coordination complex of a
30 tetrapyrrole compound with one or more of the metals
belonging to the group consisting of groups IIIA and IIIB

of the periodic system, lanthanides and actinides.



3 Detailed description of the invention The first
conponent of the catal yst system according to the
w@e@gmesd923 nvention is a source of one or nore POBERL0S4/050477
selected fromthe group consisting of cobalt, 5
rut heni um and rhodi um These netals were found to be
active in this reaction. The choice of netal depends
on the circunstances such as epoxi de substrate and
desired products. A preferred netal for use in the
first conponent is cobalt due to the proven high
catalytic 10 activity and good availability of
suitable starting materials. Particularly preferred
due to the ease and safety of their preparation are
t he net al te%r%pgrbon | salt% Accordlngly, t he
present in ess for
car bonyl at i on T6f féHStef)‘?S‘)?P‘tfét e elahalivhie s§S-eftj qoserding
conmponent i® ghenptegbntt eiviemcan Beny kourhe PEeherdregbref i 1 St
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coor di nat i csrlcOnplexdiagi s @s et Svatich Byrtains to the
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|nsert5| on og t he cargon mon
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netal at ons dit CAYCEHE o TcHtDTHIHEE i YAtHf 1epoerids may
vary subst arftralFseras aelfpr iagardratrgerided bnddpdie and
course of the@oreactrhoRanier@kersabl,yyol. 9, No. 8, 1970,
pages 1932 to 1933.
20 The second component of the catalyst system according
to the present invention is a coordination complex of a
metal selected from the group consisting of groups IIIA
and IIIB of the periodic system, lanthanides and
actinides with a tetrapyrrole compound. Without wishing
25 to be bound to any particular theory, it is believed that
the positively charged metal/tetrapyrrole ligand
coordination complex acts as a Lewis acid by coordinating
the epoxide, thereby promoting the insertion of the
carbon monoxide into the thus activated epoxide bond. The
30 oxidation state of the metal atoms during the
carbonylation of epoxides may vary substantially as well
as change during the course of the reaction. Preferably,

these metals form in oxidation state +III a stable,



these netals formin oxidation state +l1l a stable, W

2004/ 089923 PCT/ EP2004/ 050477 4 positively charged
w@owrasgat i on conplex with the tetrapyrrol e cpOpaPINd4/050477

whi ch acts as a tetradentat£ dianionic |igand.

Therefore, the netal preferably resides in an

oxi dation state of +lI11, thereby providing two free 5

val ences which can act as binding sites to the

tetrapyrrole ligand, whereas the third free val ence

acts as a positive charge whereby the netal

coordi nation conplex acts as counter-ion to the

ani oni ¢ cobalt carbonyl conplex. Preferred netals are

alum nium indium 10 gallium scandium ytterbium

I ant hanum cerium and samarium,. O these, al um nium
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Common arr &r&gﬁd’f@mtc%mﬂfex.t RerePMA rnglzﬁ.srir@ga?‘luMurae indium,

macr qu(:l I CgaQ!.iulmi, @%g[d'iulﬁr ;Jt Ebrilelrg,. ?art' %ha turrr?,e c!i:zregurr;laa[})lgr role
macrocyclic rings conmmonl enori nat ed as

y Om [
por phyr i nes>>"Th&8e horpify ri'HES Eont &Ph masY BFffarmsatup
skel et on oft°f Bitfr cPFYrIdfEe 2TRiétRL itundndeth tir bigghsttaheliRh
a- posi ti onscfbylumguium NELNi eep ket PScdofd @Iyt @ present
macrocycl i Cinvedth b bd@ranlPeRAEPRYTI PR Ligandse:n ax
SUItq9|e fQ@aH?%aﬁﬁ?iQfQ%&%l%% %Qe c£§ QQ%06£9C%SS may
bear one or nore alkyl substituents Suchras et hyl
ethyl, n- and™i"é8bropyl and butyl, aryl substituents
such as opti orf&F1pYB0Lis apePidatiedthshesyld senpstent Lrent s,
and substi tngepdrs of a class of compounds whose molecules have four

pyrrole rings which can act as dianionic tetradentate

20 ligands with metal atoms. Common arrangements of the
pyrrole rings may be macrocyclic or linear. Preferred are
the tetrapyrrole macrocyclic rings commonly denominated
as porphyrines. These porphyrines contain a fundamental
skeleton of four pyrrole nuclei united through the

25 o-positions by four methine groups to form a macrocyclic

‘ structure. The porphyrine ligands suitable for use
according to the present process may bear one or more
alkyl substituents such as methyl ethyl, n- and isopropyl
and butyl, aryl substituents such as optionally

30 substituted phenyl substituents, and substituents
comprising heteroatoms at any position other than the
nitrogen atoms of the pyrrole rings. One or more of these

substituents other than hydrogen atoms may be present at



conprising heteroatons at any position other than the
nitrogen atons of the pyrrole rings. One or nore of
WO b@g®s99szibst i t uent s ot her than hydrogen at onsPOEEP1HE4/050477
present at WD 2004/ 089923 FCT/ EP2004/ 050477 5 the
positions 2, 3, 5, 7, 8, 10, 12, 13, 15, 17, 18 and
20 of the porphyrine nucleus (as defined by the | UPAC
in the recomendations 1978, Pure Appl. Chem 51,
2251-2304, 1979). Accordingly, the present invention
preferably 5 relates to the subject process wherein
the tetrapyrrole conpound is a porphyrine conpound.
More preferred porphyrines include
tetraarylporphyrines such as (5, 10, 15,
20-tetraphey or phyr, tetrakis-(4- netho
phenyl ) - porq% Sl{on ef?gkls?( i met Hi Xﬁﬁhéﬁyl) 1§ and
por phyri ne, (iéfFSRquﬁzn@ﬁPHFﬁﬁﬁéﬁ?FFfﬁG?ﬂﬁy@wn%WACln
t et r aki s- ( 2tHeyehcoxyepirsnygds) 1930 pimer hope . &heh. 51, 2251-2304,
tetraki s- (2149 dnemtnoxypheRYdksder PRy Be orehen
sui t a@' et e;JJ_deéér gcpltﬁe sxll}:!jgc,acngl%cQJs Yh%lrengeg‘lzopgchglﬂrgélge

and tetra- benzqﬁgr rine Wé opent apor
and the natuUraily 0ct ??1ﬁ““i§° HB%r%”ﬁfm?ﬁ%”ed

por phyri ne $ﬁWﬁF9m”NH§ﬂmbr%*é%%éﬂmﬁﬁﬁrvﬁsSvﬂeas(5 10,
conmer ci al ¥Evatd-abirkpleyyiapapyrove nteffticaymdtioxy-
(5,10, 15, ZOpHeShr a@ﬂﬁwhae,p@&pmgi aanet;rcb@p&m,f ane ring
of thg epo shﬁﬁﬂftaﬂimhg- h¢ onﬁg;ﬁf EQ%BQSﬁg may be

substitute
i nstance i n"“Propy r%n%'éwwa§“6¥ @Fﬁ@@h@aaﬁk ﬁ@ak¥h@ 4-

epoxi de r eatifaHC*yRR§NA) oreaneotohear fuihetle orrakargroups
such as f orligasisaneedi-berepicelydLi@- ardy tHtir fkbeDdopbiphYe
be part of acsatubategothGHing, §£JH&$H£§maﬁyQﬁcé§ug
epoxu@l Zedaﬁ%ﬁéx‘%hgﬁ(?&epomyﬁx famlrir]?r ﬁos%u?re?ez]"red due que

to a fast sel ective reaction are opt

subst i t ut ed™f, f?mﬂiﬁfiiﬁafﬁﬁih%3§lltﬁ&ﬁ?Peﬁf@?ﬁ“afﬁféﬁfcy is
1, 2- epOX|de§31?ﬁél%@§*é@ﬁ?ﬁ@h@°ﬁwwwée propyl ene oxi de,
butylene OoXi dethe &t yemenen@xrE dee choddepaxythexananand

1, 2- epOXYyOCH @R t0frocess may be substituted with alkyl and aryl
20 groups, as for instance in propylené oxide or styrene
oxide. The epoxide reactant may also bear other
functional groups such as for instance in epichloro-
hydrin, or it may be part of a saturated cyclic structure
such as epoxidized cyclohexene. However, more suitable
25 due to a fast and selective reaction are optionally
substituted 1,2-epoxyalkanes. Representative 1,2-epoxides
include ethylene oxide, propylene oxide, butylene oxide,
styrene oxide, 1,2-epoxyhexane and 1,2-epoxyoctane of
which ethylene oxide and propylene oxide are most
30 suitable.
The present invention also relates to a process for
the preparation of the catalyst system. Suitable methods

include the stepwise preparation in-situ or prior to the



whi ch et hyl ene oxi de and propyl ene oxi de are nost 30
sui table. The present invention also relates to a
w@ewa®s®23 or the preparation of the catal yst BYEFERIN4/050477
Sui tabl e nethods include the stepw se preparation
in-situ or prior to the WO 2004/ 089923
PCT/ EP2004/ 050477 6 epoxi dation process, and the
in-situ self-assenbly nethod. The preferred process
for preparing the catalyst systemis the stepw se
preparation of the catalyst. Accordingly, the present
invention preferably relates to 5 a process for the
preparati on of a cobalt containing catalyst system
sui table for the carbonyl ati on of epoxides, which
process incl udeastthe ste hé ?) reacting a source
of at |east™Ghe ne agfroces f‘e&" POt ReLGroGReLY
consi sti ng ®FhYyr o"{PﬁsPrFfeeredaﬁ’éPcFﬁfsl BrroPrapheing 1he patilodi c
system | ardylheem deshantbratte priedestivnt & and efdaapylrol e
conmpound, ado{dygikeaat |p|9&et'1{]Qnﬂn@%cﬁre@ef;ra§iﬁpel(a@gs to
with g souracgr&fess 2l ltﬁeagzepgmlnﬁgéa co%aﬁct eq, fromthe

group consis eni um and UM to
obtain the caf‘]g’g‘t Sl uéth%ft%f“ §f“°eﬁa’(b£)‘ylﬁfl°l“hﬁ

catal yst preéﬁé‘ldéﬂ Hhicprrseess ingludpe theyhtitesi:s of the
net al - | i ganc) coerdiinatal snreonplexeasthbs nd@Y sB€ected

achi eved berlaﬁltﬂllngJpac&Histt@x@ 6r et ak 1519# G@ Ii.rfh of the

contagt wit L.ect tra ol e
I nst gﬁce by@ﬁghg%j tem a t Qéeécrl ,}N da and

| noue in J."ARPY éﬁ\°°’§’é’8"d'1§§3 105, 1304 1309 The
met al | i gan@) corepriens frbe mediupny! béerli(peeithya comeerdfed
further, orati selsatead ratalt fiiscistiagen W thhaipt conk shingot O

be bound t B3R, pﬁﬁ:ﬁén{ﬂi“l aka EKL%QM/ to oEtalJﬁ @x@lda@yl%gt t hat
in 2% the mstfalx coordi nati on conplex, the netal ion

is coordinated to the tetrapyrrole as a tetradentate
Step (a) of the catalyst preparation process is the

synthesis of the metal-ligand coordination complex. This
may be achieved by bringing a suitable metal source in
contact with the selected tetrapyrrole ligand, for

20 instance by using the method as described by Aida and
Inoue in J. Am. Chem. Soc. 1983, 105, 1304-1309. The
metal ligand complex formed may be directly converted
further, or isolated at this stage. Without wishing to be
bound to any particular theory, it is believed that in

25 the metal coordination complex, the metal ion is
coordinated to the tetrapyrrole as a tetradentate
dianionic ligand, having one or more additional axial
ligands. Preferably due to the proven high reactivity the
source of a metal of step (a) comprises aluminium. Even

30 more preferably, the tetrapyrrole compound is a
porphyrine compound. Accordingly the present invention
preferably relates to a process for the preparation of a

catalyst system, wherein the metal in step (a) is



di ani oni ¢ |ligand, having one or nore additional axial
i gands. Preferably due to the proven high reactivity
wo b@4/0s8oa3 ce of a netal of step (a) conprises PCT/EP2004/050477
alum nium Even 30 nore preferably, the tetrapyrrole
conmpound is a porphyrine conmpound. Accordingly the
present invention preferably relates to a process for
the preparation of a catalyst system wherein the
nmetal in step (a) is WO 2004/ 089923 PCT/ EP2004/ 050477
7 aluminium and to a systemwherein the tetrapyrrole
conpound is a porphyrine conmpound. In step (b), the
netal -1i gand coordi nation conplex of step (a) is
reacted with a source of netal selected from 5 the
group consi Sitl nguof nco;pa t, rut heni um and r hodi um
Thi s sour c& 8F a et “hay™YBE™ HEFSGuEd SRSt ep (b)
in any foriretat lﬁa%/%@hbréﬁ%/é?ltpéelnddurl ng step (b)
into a suitabhestapi®ni charBétal-igaaaospkdiapeieh esmplthe:
source of Jyet ak) g@ejeemblmtlcgmﬁk&e@f cohal éeleé{%efrom

pr ef egabl y Q@IJ}QB&QOI{SQE 199%9 obe%.% dru aé.lnllum ?ndarl%odlu

tetracarbon prep are rior

Accordi ngl y, "t t‘?@“‘bcree%fe?'lf“etailn‘i‘fé’n’f‘ﬁ b‘i"ltrf’%icﬁcf &8t 8°R "K in
process fora“b’h’@rprtébtai“@t Porropyeried duaiad ys &) singma
wher ei n t hesuwstameenofnimeball efbslyeppédks. iThe doc@balst
tetracar bonykas gdéfumbiﬁlcgmprl&sm%aﬁon@rk Ipqgéréﬁlymllﬁ

the qgt al y 1nt1§<yd§1 as alkaBr eQ’éﬂ' etg Ira'?ca?bon?f cgk? t 91: (b
respectlvely ar e not Cri ure an

pressure melFVEPY AR Thih Sfeﬁfe rd‘ﬁ@‘érdb’fglf"r GRF RFTRGRE 70 C
to plus 150in@entipr gelsitef ¢ ghbrpcessniarhigner megerapfonf gfom 0
Cto 90 C, andiywoslysiprefesail ¥hQohdte tdiendtange Dtp firom
15 Cto 40 :LsCa c’%galtthﬂeﬁrengfﬂa)tiyl s&ﬁt)r{l gQﬁ_J l y’ the

catalyst systemmay be is z%t ed th he
4
scopé of the i nvention Ts a self s Catan%%/)é SySte’f‘ ﬁsd

wher ei n t he“6Bt=&F yi$t Sté%ﬁi‘)?né‘i‘ﬁ §) aF%SPB‘ftduﬁléft aret ¥jet her
at the sanecrtitirel. Gptieortatd ynundepueandyoypry within the

range of from minus 70 °C to plus 150 °C, more preferably
in the range of from 0 °C to 90 °C, and most preferably

20 in the range of from 15 °C to 40 °C. At this point,
optionally, the catalyst system may be isolated. Also
within the scope of the invention is a self-assembly
method, wherein the catalyst components are brought
together at the same time, optionally under carbon

25 monoxide pressure. Selection of suitable conditions lies
well within the capability of a persén skilled in the
field of organometal complexes.

The molar ratio of the second catalyst component

(i.e. the metal coordination complex) to the first

30 catalyst component may vary within relatively broad
ranges. Suitably, the molar ratioc varies from 4:1 to 1:4,
preferably from 3:1 to 1:3, and most preferably from 2:1
to 1:2.



25 nonoxi de pressure. Selection of suitable conditions
lies well within the capability of a person skilled
WO pootlogo923 i el d of organonetal conpl exes. The nNBCEHEP2004/050477
ratio of the second catal yst conponent (i.e. the
nmet al coordination conplex) to the first 30 catal yst
conponent may vary within relatively broad ranges.
Suitably, the nolar ratio varies from4:1 to 1:4,
preferably from3:1 to 1:3, and nost preferably from
2:1 to 1:2. WD 2004/089923 PCT/ EP2004/ 050477 8 The
catal yst system according to the present invention is
believed to conprise a novel binetallic catalyst
system Accordingly, the present invention preferably
al so 5 pertai to the catalyst ystem obt ai nabl e by
t he abO\F/)e- deg%r iBed 'pr 6 set?%%cc" g ™9 % BEE°Mor t he
car bony! at i GHePtP" AR PepisxriEe cTRsieq bjreee! pinseddsc has
t he furthercagdwantsagent hat it rmay be perforned neat,
i.e. in the at’&%m&@; @ﬁ’éjbfd.s@ﬂt_allnve;}plogq:lrgf‘é}gblj altsge

subst r5at e i rl:élgyltg éi‘l@dcedEaltylgg %%glotbkgrlllgble A ¥:h above-—

reaction. (51 rige ilitates wor gurl I cation
procedur es. ““FOWBVeP °8Hy i 19 E)Tseu%eoF?Fe fe cHRRgnyation
enpl oyed, % bfa@mxe@ﬁ ar during the start-up phase of
the reaction, T™¢ sduyechg@rédess inAs Shé fuphepabaht o ofat tihe

15 catal yStmaSYkﬁat SdPcbihed BBt €AGL T QN eSS Ece 6% §<5ch1tcPokH!aP
sol qut i's golggntt anu'!:ehseubggrageoq llg%fll%nundfe%ge cond’rngeonaf

meaning that it is not con

the reacti of. "Suf¥*5bi°8- §8ﬁ/§?ﬁl§lt|66‘?s if"l’f'é‘ B Btkess

accor di ng tRyriHeagreserncdiney editvoon: weby ssghblgbidlise
the 20 feedsycer enpgotehe ioqutsieudfr ddieng €RC Ei@D-upSHHehe
sol vents |JfC{:YLéd%aQy1Q>ln| Gr Yurld ?n%r 1rﬁgmr]]§‘re9;ragioql S¥ the

such,gs  telrahydrofurane.(thi) and alkyl substituted
or

furans, _ .
A suitable solvent is inert in the carbonylation

reaction, meaning that it is not consumed during the
course of the reaction. Suitable solvents for the process
according to the present invention will sollubilise the

20 feeds during the course of the reaction. Such solvents
include cyclic or linear ethers of diols such as
tetrahyarofurane (thf) and alkyl substituted furans, or
diethylene glycol dimethyl ether {(diglyme) due to their
high solvency. It has however been observed that the

25 reaction can proceed more smoothly and faster in absence
of additional solvent. Therefore, the present process
more preferably is performed in liquid product and in the
absence of additional solvents.

In a different embodiment of the present invention,

30 the reaction is performed in the presence of solvents
having active hydrogen atoms, for instance alkanols.
Although these solvents do not interfere with the

carbonylation reaction, they can further react under the
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presence of solvents having active hydrogen atons,

for instance al kanols. Although these solvents do not

interfere with the carbonylation reaction, they can

further react under the WD 2004/ 089923

PCT/ EP2004/CQSQLA{7o7ns 09f gondi Li ons of the carbonyl ation

reaction Wth the: Tnitd STV o RIS IS Paetdnepr oduct
to produce *P3URyHr 65557 CotRgeenscPredtcers rrvdqsr p-hydroxy-
deri vat i vesordren@ gbters oh/ @sderayal Bred @t aok atse@eh as
conpounds. bplheadpidemdfahi0 Of epoxide in the feed
to Cag al yst Q‘meﬁ)ﬁluﬁ(\drgiiol ﬂf Q&&E ed?rpgfx]ed fcle’lc-popo E:Q:leal st
particul ar conpl ex . empl o ed. g’r e(% erably, _tdhe nol-af
ratio of epoxide to tRET PR MBI T A HEPH PR e
range of frEaYre2 PwwitgPly-abte "nor eapoeteredyise kn thhe
range of from2#dQ2 dae sk06. cA0-Fae sarbenyt atiQn iSq
conveni ent Iny condfuct %d .untder conditions gf elevated
t enper at ur & " APERGUGHY t'he" FeHetT 8h Tebés %rivcted
al really at | ovie? cPERpEratUr Es congerddnle sipturted peder
achi eved atcot@npersatiueesaigdoveprdrodirel @npengt Uke reaction
Accor di ngl Yaoes @asdebOR11LEPRE Al BerfiBY e8] GHADLYsu1ts

range 15 from30;4.04 1pQ (e DRSS RESEELADLY from 50 to
125 C, and : rmastrlégqrcéfergﬁ?e 3 O0 tog f%mp& at,&tr 1 ower

rom
t enper at ur &°°°ChE Y ’eég?ﬁté‘ﬁyﬁﬁ?gﬁéuﬁfﬁdﬁpfrf’é?é?ﬂeﬁﬁnge
wher éas hi giiet 30t'enpér &t utes arelerfiduten t5Aetof Basmit:i o
of secondampst ge¢fievaily vigsm SO0k €9 (0| AtNBIwet tABic@sduat
20 The pres@Btreptacessy burh by feaielesnakavaled,
temperatures may induce the formation of secondary
derivatives such as polymeric material.

20 The present process further requires elevated
pressure, which is preferably achieved by pressurising
with carbon monoxide, and/or with a gas mixture
comprising carbon monoxide and gases such as for instance
nitrogen or hydrogen are suitable. Preferably, the molar

25 ratio of carbon monoxide to the other gases in the
mixture, when present, is within a range of from 0.1 to

10, more preferably of from 1 to 10.

Typical total pressures are below 150*105 N/m2
(150 bar), as higher pressure would involve complex and
30 cost-intensive equipment. The process is thus preferably
performed at a total pressure in the range of from
30%105 N/m? to 150%105% N/m2, more preferably in the range
of from 40*105 N/m2 to 120%*105 N/m2, again more



pressure, which is preferably achieved by pressurising
W th carbon nonoxide, and/or with a gas m xture

W@ ovp0s®eng car bon nonoxi de and gases such as POT/EP2004/050477
i nstance nitrogen or hydrafen are suitable.
Preferably, the nolar 25 ratio of carbon nonoxide to
the other gases in the mxture, when present, is
within a range of from0.1 to 10, nore preferably of
froml to 10. Typical total pressures are bel ow
150*105 N nR2 (150 bar), as higher pressure would
i nvol ve conplex and 30 cost-intensive equi pnent. The
process is thus preferably perforned at a total
pressure in the range of from 30*105 NnR to 150*105
N n2, nDreog ferabl in tnp g nge of f%on140*105
N nR to 120%°F aRP/YnE Eagarh hola Vio S04 0899 23nd most
PCT/ EP2004/ ©50<A%1y 40 tpsrebenabim2ofo oo HE2105 N nR2
to 100*105 N/rmthcﬁ@}d thQEmpethgtg ﬁpkbyesglflref E(Q:m:lgo* 105

Nn2 to 90* Al t hou erature and
pressyre for Qté%ngﬁ%on 50T W%fgrlotﬁcagr TNEY PRI ERA

may tRus vaFyewithin ltSls\/\f‘déd‘faF‘Yﬁgﬁgus fatpze gfthe
advant ageouveraPurteatothe hractivgeqatiencanhatet he
reacti on carelbevennguatetdaatons.el atively mld

conditions. Thge H:fr@@s%§sac@&‘59r[gd{:g]ghé retsgrgt RELRENL i1

i nvention w rthe ra e erencé to
t he follomnngkufg exanp E& 7 R é?o‘ﬁﬂmﬂng
Hast €l oy CFBAEEor (Fbstelloy C |s a registered
trademar k ofakdgnkes International Inc.) equipped with

a magnetic stixperpl asheatdyng redkdr andranode inket was
char ged wi theborla diabik &RG.glocl. d g?tnhy' St her
(diglyne) ang taI St_Precursors C
mol )~ of NaTqéo‘ié% ‘&3/339“/e g SCOBE tl&? W(“st ai@) an
15, 28-tet rﬂa‘ﬁﬁ%ﬁw )i ﬂffhyﬂhn%o alr @mwmﬁmmlu diapthyl
t hen ether (diglyme) and the catalyst precursors (97 mg
(0.5 mmol) of Na[Co(CO)4}], 337 mg (0.5 mmol) of (5, 10,
15, 20-tetraphenyl)porphyrine aluminium chloride), then
purged with nitrogen, and finally pressurized with carbon
20 monoxide (CO) to a pressure of 10*10° N/m2. Then 15 ml
(307 mmol) of ethylene oxide (EO) were pumped into the
reactor. The pressure in the reactor was then increased
further with CO to 50%105 N/m2, and further with hydrogen
to the final pressure of 70*102 N/m2. Then the reactor
25 was heated to 70 °C and kept at this temperature for a
period of 10 hours under vigorous stirring. At the end of
the reaction, the gas consumption was determined as
20*103 N/m2.
The conversion and turnover number of ethylene oxide
30 to B-propiolactone (TON) were determined by GC-analysis.
The conversion of EO is expressed in (mol)$%, and is based

on the molar amount of converted EO divided by the molar
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(rml )O andamour;E gf %8 suSp[l‘?Létﬁ@lmes 1%9 a?r}f)un oumf % Jﬁ‘V%oaned

EO di vi ded Wmecdh‘éasnﬁ"‘llﬁi’la\?\ﬁ §W47}68J93§2% of ‘remaining EO to

PCT/ EP2004/ &584?7 lagtenanBimtuepvEQuwbpplTad dfi emdglene

100% The amaunto @fplcatdieaene fieraethenas cal clkateed

from the ra&ﬂt@ln@é/nﬁ@@fﬂbgge@o%& @btaLned, l,agt one.
The turnover cee@bc?m l e oxi de to

(3- propi ol actone 1S %}e? ed as' T F‘rr} 'ote ® aF

obt ai ned/ noterEETEI"y st 6é"ﬁpl oyed The reaction had
proceeded vixetpla 13 urnover nunber (TON) of 389 at a
conversi on of 3fe EXadplee2:bxasmiver Lsmspfosﬂ%a& %Qlde

howewgr USIJ;,QSL%MLe@ﬁe % d&i dQeAS.SUPSLEAG: oINE o
TON and conver3| opactone X ene oxi de to

(3- propi ol actone”Wera “daterm ned By &S #Wd
1H NVR- anal {sir-as 1858 st 3%98% é%nverwsrs@nn Conpar ati ve
Exanpl e 1 Exapphkeivk mascieepeat ed, however enpl oyi ng

the cobalt- 1%%@&@ msngep@!ﬂtém %wm%a%y&%ta!ey& Lt~
syst e_Lg16as descrl bed 5

5646 and ety lélﬁ%m%‘f%“ HTSihsT P HTe™® $HigTibed
resul ti ng W\Aég &éqner:?ﬁcnéa4 b§002 5646-5647, and ethylene

oxide as substrate. The resulting TON was determined by

GC-analysis as 98 at 32% conversion.

Comparative Example 2

20 Comparative example 1 was repeated, however using
propylene oxide as substrate. The TON was determined by
GC- and 1H—NMR—analysis as 123 at 49% conversion.
The much higher conversion achieved with the novel
catalyst system according to the present invention with
25 respect to alternative catalyst systems shows that the
process for the carbonylation of epoxides according to
the present invention represents a large improvement over

the process known in the art.



GC-anal ysis as 98 at 32% conversion. Conparative
Exanpl e 2 20 Conparative exanple 1 was repeated,
whowewegw2zisi ng propyl ene oxi de as substrate. FCEEFON/050477
was determ ned by GC and12H NVR-anal ysis as 123 at
49% conversion. The nuch hi gher conversion achieved
with the novel catalyst system according to the
present invention with 25 respect to alternative
catal yst systens shows that the process for the
car bonyl ati on of epoxides according to the present
i nvention represents a |large inprovenent over the
process known in the art. WD 2004/ 089923
PCT/ EP2004/ 050477 12 CL Al MS 1. A process for the
carbonyl ati on of an epoxide by reacting it with
carbon nonoxide in the preseE%eA%f a cat al yst system
cont ai ni ng two conponents, e first
conmponent is a source of one or nore netals 5 sel ected
fromthe group emesisstomgheofarpobyakition rtitdresdode and
rhodi um antkathagseconrd G&esvpaRat s_nacheoﬁéﬁéneatoifoﬁ

conpl ex of @tgfgsr;asgwfeméo%t&qmomdco%mnpﬁewh%fr fope of
the netal s hel on consi sting of roups

IITA and | 178 fchﬁ%’genkelrsi odi° gr dgft Cine Eﬁﬁeh%‘?fi“’lbses 10
and acti ni d&sectpd onrbrtB%éE‘élpa‘“é’éWG’ngOfi goRelllyi mythenium
wher ei n t heangetrgbivgf antlfrge fsec@t oppenent al Sooeabat fon

3. A processnpe&0sdh NGtiPytbad Bbnbo@a €l d 2 Whergi n

the first canaeil bél%ngaingr%aéh LRI &%99&)4 15 4. A
process accordin cl ai ns §

wher ei n t he” &t HA ari%hyu eoéotﬁ’a p@éf?&bﬁéﬁftei“s lanthanides
al um*li um 275, acAl‘blrdé?:ess according to any one of
claims 1 to2-4,A pwivessererotdiegttetdlapynr cherecorpowatkl ¢ a
por phyri ne t}ﬁofm@tiﬁdmponent is cobalt.

3. A process according to claim 1 or claim 2, wherein
the first component is a metal tetracarbonyl.

15 4. A process according to any one of claims 1 to 3,
wherein the metal of the second componéit is aluminium.
5. A process according to any one of claims 1 to 4,
wherein the tetrapyrrole compound is a porphyrine
compound.

20 6. A process according to any one of claims 1 to 5,
wherein the epoxide is selected from the group consisting
of ethylene oxide and propylene oxide.

7. A process according to any one of claims 1 to 6,
wherein the carbonylation is conducted in the presence of

25 a solvent having an active hydrogen atom.

8. A process for the preparation of a catalyst system
suitable for the carbonylation of epoxides, which process

contains the steps of:



20 6. A process according to any one of clainms 1 to 5,

wherein the epoxide is selected fromthe group
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A process according to any1dne of clainms 1 to 6,

wherein the carbonylation is conducted in the presence

of 25 a solvent having an active hydrogen atom 8. A

process for the preparation of a catal yst system

suitable for the carbonyl ati on of epoxi des, which

process contains the steps of: W 2004/089923

PCT/ EP2004/ 050477 13 (a) reacting a source of at

| east one nmetal selected fromthe group consisting of

groups I11A and I11B of the periodic system

| ant hani des and actinides with a tetrapyrrole

conpound, aml Sregmlng %aggug&goz he 1&;5{1%;9 m&f Stggoct&@)

with a sour | east one npeta ecte romthe

group of co t egrﬂFh%Wlﬁﬁf%ﬁ&fﬂﬁ%@?dﬁfAQ“dﬁFﬁ?Bﬁég%
accordi ng tR?rt‘:‘PdaF Ry 8 empHertdppidehentrertinidt vighep (a)
I s al um ni umtrageroMepeicand, hendat et r apyrrol e 10 conpound

i's a por phy)ne-eTROUAL prdfct Af FHtQ&Q§)S w@@ﬁQrs@LﬁQ $f0

claim8 or gl 0
step (b) |s§ta§%:ag]cal’ne\@4tgg{réeg§? ony? Rthe 3”% F?abalil A

cat al yst syStBHEbEE] rAHFE by t he process accordi ng
15 to any ohe foPrachH pErogling te(eladp 8, Whereof the matadl yist
syst em accoswpng) tie Chginiud, laddovheréinetzatdrosykatkon of
an EQOXi de-compound is a porphyrine compound.

10. A process according to claim 8 or claim 9, wherein

the source of metal of step (b) is a cobalt tetracarbonyl

sodium salt.

11. A catalyst system obtainable by the process according

15 to any one of claims 8 to 10.
12. Use of a catalyst system according to claim 11 for

the carbonylation of an epoxide.



