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#This invention relaf'es to a process-for the carbonyl ati on of ) _
~epoxi des using a cobalt catal yst. It is known that epaqxides nmay

be carbonyl ated by reaction with car bon nonoxi de. The primary
product .of the carbonylation reaction =51 - is a [err]-propiolactone

formed by insertion of a carbonyl group into a carbon oxygen bond of

t he oxirane group of the epoxide. Secondary product s, sudﬂléég
[ear]-pr?piolactone pol ymers, 3-hydroxycarboxylic acids and esters,

and acrylic acids and esters, f directly or

I ndirectly under specific condF&¥3ﬂ®§@HgBFdﬁ{ﬁg&?eEs reactive %ature of

the primary [err]-propiol actone product. According to

GB- A- 1020575 t he .bonyl afion [ r | Ies I of a
catal yst, prefer aé?‘;;s a“}c('c?ﬂg*'% Eé %%s?gs? ugﬂwaeggafor the caggﬁtgﬁlagzgtpgbgnyl .
Usi ng et hyl enepoxidge wsingubstabale catalyst-propi ol act one i s obtained

as primary producty, Y0qLegs dlig w&ia&@m?fbmseéomaé& by réldRisd RAEY
ammoni um hal i des pronotes the formation o [err]-propiol actone

pol yner. The temRmagneride. The pringgy prpduct of the, carbeyiaride ratsrige

f" mt EI shesl ?_y 1§d£l!mt9rapﬁmh£ox@r epfieldi By iQEeﬁcionf of a Eﬁﬂfbnyﬁtgﬂ&uﬁSiﬂtys;idi ne,
to the reaction m xture. r ocess r.the preparation of a

3- hydr oxypr opit8FRA% oBxgen bopd of thg, °§§’F§ﬁc§’f?ﬂ§ f’ﬁeth@a?%dgﬁggats%ﬁﬁnl K7t he
presence of apredwalsolsuch as g-propidilactasepolymetlsy A-BRBOEIBarbbAyEiqr ocess
uses a cobalt LoD esters, arihATE actll ClhdPLE{dd ey bEedmll 2daldabY 2
terti-ary phosphine or Ferts ry am ne co-catal yst,” i ncluding

N- het er ocycl edizestlyaer indirectlyrynfesespacdfiecopdiniopsidne. to @eni | ar

process 10s di $gLOSISE B¥rufe 6P the pdiaddPP-profilolattonel prddubpon Kagaku
Kaishi, (5), 635-‘ﬂ%cg%§§G% to GB-A-1020575 the carbonylation reaction requires
. the presence of a catalyst, preferably a cobalt catalyst such as a
cobalt carbonyl. Using ethylene oxide as substrate, A-propiolactone
is obtained as primary product, whereas the presence of metal or
15 ,'quaternary ammonium halides promotes the formation of
. B-propiolactone polymer. The tendency of 1,2-epoxides to
homopolymerise may be diminished by adding a small proportion of a
~base, such as pyridine, to the reaction mixture.
A process for the preparation of a 3-hydroxypropionate ester
20 by conducting the carbonylation in the presence of an alcohol is
disclosed by US-A-3260738. This process uses a cobalt carbonyl
catalyst, which preferably is modified by a tertiary phosphine or
tertiary amine co-catalyst, including N-heterocycles such as
pyridine and methylpyridine. A similar process is disclosed by Y.
25 Kawabata, et al., in Nippon Kagaku Kaishi, (5), 635-40 (1979).
US-A-2782226 discloses a process wherein the carbonylation is
conducted in the presence of water. The ethylene glycol monoester
of 3-hydroxypropionic acid as end product is obtained through the
addition of a further ethylene oxide molecule to the intermediate
30 3-hydroxypropionic acid reaction product. Cobalt on kieselguhr is

used as catalyst.



Us- A+2782226 di scl oses a process wherein the carbonylation is )

.conducted in the presence of water. The ethyl ene glycol nonoester of

3- hydr oxypropi onic acid as end product is obtained through the

addition of a further ethylene oxide nolecule to the internediate 30

3- hydr oxypr opi oni ¢ aci d reaction producf.® Cobalt on kiesel guhr is

used as catal yst. ' isi 1 i

US- A- 4209467 di scTTAs4209467) ghgcloses sacalyss, sutens SOBal i 8, G0 t® afd Rydr oxy

substituted phydirdinesubstpowedspynifiinh campounded which [are used iy dhef or myl ati on

of olefins tq, Al p%ng, JGr ghfenl@gs prior art shows the -
d tﬂg f3tion of oﬁefin &

feasibility car bonylation techndlogy for preparing the
[err]- propiol act ofeereaadthe prioxjart \showgdhe feasibibityl P8 cat al yst

systenms lseave 4yBenyfdtion technbl8PyO & PRépdring Cihi¥sgoiropiolitahes anel ecti vi ty
and reaction rate 1n or der ,tfg*’rfflrrivf t_an inq%striallyfocrorrpetitive
process. The $f¥d¥atives, the exemplified saFRLISE THSSOREI TGV IOE™ P ovenent. 10
It has now befuprboeueht Lhaderins ik achievpbbe aeledtivitpsndnteazitign rate in

i nproved, if usg_ is made of .a spegifl I I imS]

source of cob%t’f‘feri ﬁ" c':’(fﬁ?ﬁenc?tti %‘F\Fivr\lna ﬁérgaﬁ%%gééé? 3%2% ﬁ)lt;htgg p?/% 3’? ﬁ%’nt
conpound. As iromptied aims att provyiding ewchyimprevemensubst i t ut ed

pyridiney the preggnf,g HX&%%ER[E&\E}&W&%E_&&EHM'Msssfi QubbddrtYally 1O

the [err]-propiol actone product. en using a preferred 3-hydroxy.
substituted plmmrgved dénpesuda madecof & BBGATAL cATal¥sk Sygtem comprising a

additional |y gsaeees cebat dhacoHjuicdion with aagtokytstibstituted pyridihiee

nmet al component of the catalys temto he ed caording to the
i nvention i s S8 ﬂ#oﬁ%ﬂpa\éﬁ%é‘lﬁﬁc eaP%‘fq.wgfy yged “nﬁ'é@s%'e“?% r oduced
i nto the reacpyrddine, tthe presenvofinyagtivoupxeyidés a much hdphén sel¢dtivity

converteg i nt & ttll"'x(ea E—%r%{ﬁ%ia%@“a&' p@ga&c\@: Wi iugfng a preferred 3-hydroxy
substituted pyridine compound, the carbonylation reaction
additionally proceeds at a dramatically increased rate.
The metal component of the catalyst system to be used
according to the invention is a conventional cobalt catalyst. It
20 may be introduced into the reaction in the form of any source of
cobalt, which is converted into the catalytically active species
under carbon monoxide pressure applied in the process. A very
suitable source.of cobalt is constituted by dicobalt octacarbonyl
and/or other cobalt carbonyls. Cobalt salts, such as cobalt acetate
25 may be used as catalyst precursor, as they will be readily
carbonylated under the carbon monoxide pressure. When adding
finely-divided cobalt metal to the reaction mixture for preparing
cobalt carbonyls in situ, careful control of temperature will be
'required for avoiding undesired side reactions. Generally, the
30 cobalt catalyst or precursor will be soluble in the reaction
medium. However, the catalyst may also be used in a heterogenised
form, what would allow for a.gaseous reaction medium. The cobalt
source may be added in the form of a pre-formed complex with the

required pyridine compound.



Under carpon nonoxi de pressure applied in the process. A very

- ,Suitabl e source of cobalt is constituted by dicobalt octacarbonyl

and/ or other cobalt carbonyls. Cobalt salts, such as cobalt acetate 25 .
may be used as catal yst precursor, as they will be readily

car bonyl at ed under the carbon nonoxi de pressure. Wen addi ng
finely-divided cobalt_netal .to the reaction m xture for preparjn

cobalt carbonyls Re sq“FEt,‘erc&P'é?‘fﬂenEo?ﬁartg? st’é‘?ﬁéF%&YGFegﬁ f ’0%%
required for yfidiheGonpsianl carkyingeatt dasdt one hydeoxy aubytitueat 3@he cobalt
catal yst or precursor ./ sol ubl et [ j um
However, the 8&‘5?%’2“ n%’{fliéﬁ §% ck?éngg‘é%dd f"?\ "ga%ﬁéﬁl g%%ggpniegg%mpassng form what
woul d al | ow f comppupd sosprisingctieonyridingmuctigus cdbel ta six-membexade nay be

added in the {fFofforAchE Grihpl FoitatRinY 8X Mithd diftRogen atoh CGHbF&EbLRYT i di N
conmpound. The

- 3-
further conpoRékil-Bing REmpAURLE fucha?s,gpinoline; and fob rbipyridyl,canybe
conpound car r yidiwién hadsig QNRydiesty substitifenicl BYdides [the essentf£aIDr €SSi ON
"pyridine cong)g nd" i‘% ant herhe toiedzco ass an¥ £ ch(z%pound
conprising th %ﬁ‘?(ﬂ EEhtenE e sthe) PEELIOINE | NG FREFY 8T Mefet er oar omati ¢
ring containi sgupsziituents whiichodemoait imterférer elth ehe carbonyldtiorri ng
conpoundqosucpea%ii i noline and 4, 4" -bipyridyl can be used when

havi ng a hydroxy Substituent. Besides the essenti al hydr oxy
substituent, the Bepregientativagexamplesofystirebherhydroxy sybsiiitutednts, which

do not interfgangdihd RobPsurdddr BRIME 2 B drdipyri&iae! | Vhydroxypyridine,

Representati ve exanpl es of sujtabl e hydroxy Substifute ridine
conpounds i nc?ﬂﬂ&r%gwa?@ﬂ?py?i‘ti'ldﬁ@,'d%mﬁli(?}yﬁyﬁi’hymﬁyquinoligz .

4- hydr oxypyr i inyarody -2~ déthydppradive | dinde3-1rdbysly-axyettylpyiitine. The

4- hydr oxys 2- net hyl pyr.i di ne 3- hydr.oxys 4-net hyl pyridi ne. Th 5 best

results wer en%ﬁgfg%‘&tiﬁﬁ?ge §Qﬁa iig gx'f/s%‘ b% #}’gﬁ?’% s%?tliglugeed pyrfd&'e :

canpounds, wheaipotshds,cftbich Zhergfiowk carecdrefarrpdy tincpdxticular :
3-hydroxypyridine. ' '

The ratio of hydroxy substituted pyridine compound to cobalt
in the present catalyst systems is not critical and may vary within

20 wide limits. Practical ratios are in the range of from 0.5 to 20

moles of hydroxy substituted pyridine compound per gram atom of

cobalt, with ratios in the range of from 1 to 5 moles of hydroxy
substituted pyridine compound per gram atom of cobalt being
preferred.

25 The substrates being subjected to carbonylation in accordance
with the present invention.are epoxides as derivable by addition of
an oxygen atom to an olefinic double bond to form an oxirane ring.
The oxirane ring may be substituted with alkyl groups, as in
propylene oxide, or other groups, as in styrene oxide. Preferably,

30 the epoxide substrate is an 1,2-epoxide, in particular an -
optionally substituted 1,2-epoxyalkane. Representative epoxides
include ethyleﬁe oxide, propylene oxide, styrene oxide,
1,2-epoxyhexane, and 1,2-epoxyoctane.

When the epoxide is reacted with carbon monoxide in the

35 absence of further reactants, the primary product is a



3- hydroxypyridine. The ratio of hydroxy substituted .pyridine

sconmpound; to cobal t In the present catal yst systens is not critical

and may vary within 20 wide limts. Practical ratios are in the range of
fromO.5 to 20 nol es of hydroxy subi ituted pyridine conpound per gram
at om of cobal t, wrthratrosrntherange of from1l to 5 noles of

hydr oxy ; ubstd tut yr CQIPOYN el at om o of cobalt bei ng
pref erréd. fspropf"rl g;h eg be‘lﬂ’ﬁgig Jeﬁ % & car o‘hyl ation in

accordance pg-positilon, tife tpe esem:mmemzrdenccamimr desubasitwedvabl e by
addi ti on of oxtrand" FO¥ ISR Y, Ol ma@:%&e Vm Al aﬂ)&g&!%i &9{ gAn

oxi ranejri ng. oxlfane rin be substi gr oups,
as in Frepoiicmetiylogetans] bt Fabfﬁﬁuﬂ% praéu% °§t§heeﬁerwaetion
Preferably, 3 proﬁﬁ@n@pﬁ)iﬂéie wheb&ds Qtﬁr rsiomdmz £PeKé GRodhudt RBErtieLUl Ar an
optionally subs i tyte al kan g?resent ative %poxr des

i ncl ude| et hy|S@HROBK 2GRS on’ ob&ﬁ%ﬁe c%i b fae Sendenc

1, 2-epo xyhexamproﬂadaat&e@pwwmym“, ‘the reacciox\/\l‘iﬁntﬁfeemejaweindem Qa
LE?%ES \;,)Mr zgug?i nn 3@393%'193 olfn B- ropgolactgges epn ]:'.Hrtagl%{mt %Crgwt?{qcfhz_
[err]-pr opi olsi-ewtnnd-ncmsals vwpon Bbamsiibgt i Ifudesirad, ttﬁs diregtdyimld of

[err]-poso ti Qyyvhdr Wa§ v aaume&w kHE APSidr bE ep%oaoééﬁsu teileed

oxi rane. For "exanple,”[err]- rol"factone [[err]- er rL@gr opi ol act one
or 2- oxo-r&sﬁmwmnﬁﬁm %mfaﬁwéuvagm%ﬁwmqe wat hba So#8d ati on
‘5 of propylga em%wmliﬁsr]wmdaph@ et 4 if 4 hRopsrddbatoof the

car bonyl atlo yl ene .oxi de. e to the tendency of
[err] - propi ol 8‘?0 elg rl-‘p8l ?/‘Fﬁsrpfs% ER*488act i on mixture may contain a

certain proporti orheoi:a{-lﬁﬂy]l.aﬂroapreﬂmbmris padventéntliyheoduated iaf thdi ch

slowy imcre st bidlesis Ul?rddif el f 10 pol ymer
may be incregéggkg@g? fe quh%@eﬁ ijf p?orrs% gtr:s 0 %?g:%e )Gr%dgcé)ar;' ’
liquid, there is no need for using a separate solvent. However, the
use of a separate solvent may be convenient and preferred for
practical purposes, for example in connection with product

recovery. Suitable solvents include moderately polar aprotic

20 solvents, in particular ethers such as diglyme
(2,5,8-trioxanonane), diphenylether, THF and anisole. Protic
solvents such as alcohols are usable, but may participate in the
reaction to. yield other products.

2 The temperature and pressure for the carbonylation reaction

are not critical and may vary within wide limits. It is an
advantageous feature of the invention that the reaction may be
conducted at mild conditions. Very suitable temperatures are in the
range of from 50 to 150 °C, more suitably from 60 to 100 °C. At
lower temperature the reaction may be unduly retarded, whereas

30 higher temperatures may induce the formation of secondary
derivatives. Typical pressures are below 150 bar, as higher
pressures would involve excessive equipment cost. Preferred
pressures are in the range of 20 - 100 bar.

The B-propiolactone product can be recovered as such using

35 conventional separation technology. It may also be recovered in the
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f ooy thas BolasteRe PORIRATSsPRPYROLISiS] AR FePREFAHEND Ofcfr ng,
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15 RE ng-1PsRF e 0867 aci di ¢
di ti onsithr a&vialeshélerin| thesd bo«gewardﬁ)nyﬂctwdaetm ag#rdr,eas under

e cond| ,éun?at[u?aﬂd uggzosxxagal; boxydic esters are obtained. By
Accordingly, the present f-propiolactone products constitute
versatile precursors.to various fS-propiolactone derivatives, which
20 in turn are useful and find application as chemical solvent or as
intermediate for further chemical derivatives or polymers.
According to an advantageous feature of the present invention,
such derived products may directly be produced by conducting the
present-carbonylation in the presence of a suitable coreactant such
25 as a hydroxy compound. For example, when using an alcohol as
coreactant, the product of the carbonylation reaction is a
B-hydroxy carboxylic ester, and using water as coreactant a
B-hydroxy carboxylic acid is obtained. For example, the reaction of
ethylene oxide with carbon monoxide and methanol in the presence of
30 a catalyst system comprising cobalt carbonyl and 3-hydroxypyridine
yields the methyl ester of 3-hydroxypropionic acid with excellent
selectivity. It will be appreciated that a coreactant such as an
alcohol may also act as the solvent for the reaction.
The invention will be further illustrated by the following

35 examples.
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1-4 and Conparative Exanple A Each tine a 250 ni

Exanpl es
-steel autoclave was charged with 10 ni et hyl ene oxi de, 40

,stainles

m diglyfe, 1 mml dicobalt octacarbonyl [Co[err] (COJ[err]] and 4
mrol of pyri di ne conpound as indicated, under 5 exclusion of anbient
oxygen. Fhen the autocl ave was pressuri sed - wi th 60 bar of carbon
nmonoxi de] and heated for the indicated periods at the indicated
tenperatjires. At the end of the reaction Betlieod, t he autocl ave was
cool ed d a sanple of its content was anal ysed by standard gas |iquid
chr omat graphéx(GLC) and [err] C NVR. The ,}0 results of, t exggri ment s
are sunmari se8%in PEEIUNe eP8RPRd wheFein CORYRF - o rRAPET oh PEM P essed

as the gercenkage of ethyl ene oxide¢h) =~ (°Opi sfordsyertizdtyt hdmebigectvity

represernits the nol ar percentage of ° [err]-propiol ac(t%gne fcgy )
relative to the total anmpunt of converted et hyl ene 0Oxi de,” and’t he
turnovefs represent the reaction rate 15 expressed as rr;)’l" of ethyl ene
oxi de cpnvertgd per_gtaby 3 Copglt pgy hour .y gg
-7- . 1 3-8y %Md‘?ae TabFe 1 Ex) ga/ri di ne
conpounf t2  P-hydrogypyridinese| tc-* JIturdBers > 98no. 1
E‘% ([Ca/r L] C))a si Oﬁpﬁ%rfxﬁrbyﬂtg‘iﬂed(WOHQ"_BGF 100 . > 98 1(2)00

o/ hour - roxypyridi ne >
98 **) 33 4 4zhydr°m¥ﬁ}d‘r18§yp3§i di n29 181 75>§910_o P 08
100 3 3- hydr oxypyridi ne 0.5 80 100 - > 908 . 200
4 z-hydroxypyrlp%ﬂ%_ne 10 75 ¢ 815 33 > 98 5 10 ¢

(comp) |

*) on standing at room temperature the initially formed lactone, as
determined by 130 NMR, is slowly converted to
polyhydroxypropionate; on injection in GLC pyrolysis to acrylic
acid takes place. '

5 **) trace of aldehyde.

It is seen that the selectivity of the carbonylation reaction
is much increased by the use of a catalyst system as proposed by
the present invention when compared with the use of pyridine
according to the prior teaching. It is also seen that the preferred

10 use of a 3-hydroxy substituted pyridine compound concomitantly

enhances the reaction rate when comparing examples 2, 4 and A

conducted at the same temperature.
Example 5 |
Using the general procedure of Example 1, an autoclave was
15 charged with 20 mi propylene oxide, 40 ml diglyme, 2 mmol of
dicobalt octacarbonyl and 4 mmol of 3-hydroxypyridine, and
pressurised with 60 bar carbon monoxide. After heating for é hours
at 75 °C, 93 % conversion of propylene oxide was observed with a

selectivity of > 90 % into B-butyrolactone (2-oxo-4-methyloxetane).
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A - pyr{i di ne 6 75 33 50 8
..(conp) o ) on standing at roomtenperature the initially
formed | gct one, as determned by [err]C NMR, is slowy converted to
pol yhydr gxypr opi onate; on injection in C pyr olysis to acrylic acid
t akes pl qce. **) trace of aldehy It is seen that the
sel ecti v h]e arbonyl ati on reaction I's much increased by the.
use of a catgw—eﬁ-&stem as proposed by the present invention when
conmparedf Wi th t heUsing clie penexilnprocedure axﬁcaxdiprig 1o anhaxqmcﬂ.ave weaching. It-
|s al so seen 4al.d B " £ %&rf&bﬁgyuneuéﬁmgf &b % ¥, U5k byt ed '
pyri di ng conpound concom t ant ances t e re ction rate when
conpari rg exedwpbeltzocnamrbow and 4 applrE dchygroxyryrddine .t eider at ure. .
Exanpl e pressuriseusi:@got bér Qﬁﬂ%@hoﬂﬁ%@d%ﬁeghe@émlﬁrlw %Bu?é’t ocl ave
was 15 charged wth 20 m propyl ene oxide, ga‘ﬁﬁ‘ of
di cobal § oct a’&a?Borﬁ»l 60 ¥ °&“ﬁ?r‘iﬂi°6f°f3 1ﬁ%+‘59<§?ﬁ/r°?‘a‘i“'né’a ervea Tato
pressurised vg-hip aumémiytnmamn@mde lakftbré (heaid-mgl&fdllheﬁhﬂ(bbtéﬁane) at
75 [err]C, 93 %)c vers Iene oxrgse i“ v 1\/\5 but oic
sel ecti ity d¥ee8* E%f’nto yFSI%?gt h V? X G- 91 Xerarte) .
8- ' Exaavideugpn injection i;l;pne}q he gener al procedure of Exarrpl e 1, an
aut ocl gve, wasg eGharged with 10 nl isobutylene oxide, 40 nl diglyme, 2
mol of fo 'd"l%‘t oct acarbonyl and 4 nmol of 3-hydr oxyp){rr dine, and 5
pressuni sed to 60VHME Ebs [ESRFInBRIGREurafafe ExsnpaL| hg apoputoglave, was
charged with 30 ml ethylene oxide, 100 ml diglyme, 2 mmol
dicobaltoctacarbonyl and 4 mmol 3-hydroxypyridine, and pressurised
| to 60 bar carbon monoxide pressure. After heating for 4 hours at
? 15 75 °C, conversion of ethylene oxide was found to be virtually
f complete. Upon standing at room temperature for 13 hours a
f precipitate was formed, which was isolated by filtration and washed
f with methanol to yield 23 g of poly-3-hydroxypropionate,
£ [-0-CH,-CH,-C(=0)-]  according to 3¢ wm.
20 Example 8 .
Using the general procedure of Example 1, an autoclave was
charged with 10 ml ethylene oxide, 40 ml methanol, 1 mmol dicobalt
octacarbonyl and 4 mmol 3-hydroxypyridine, and pressurised with 60
bar carbon monoxide. After heating at 75 °C for 4 hours and
25 analysis by GLC, 96 § of ethylene oxide was found to have been

converted into methyl 3-hydroxypropionate with a selectivity of
97 s.
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clgimeldoin it i A ewbéredhe¥-diyddoxypysidine dnd
presence of a catal yst system conprising a

4, A process as claimed in any one or more of claims 1-3, wherein
1,2-epoxide.

claimed in claim 4, wherein 1,2-epoxide is

the epoxide is an

5. A process as

ethylene oxide or propylene oxide.

6. A process as claimed in any one or more of claims 1-5, wherein

a B-propiolactone is produced as the pfimary carbonylation product.
7. A process as claimed in any one or more of claims 1-5, wherein
a B-propiolactone polymer is produced, by conducting the
carbonylation in the presence of a polymerization promoter.

8. A process as claimed in any one or more of claims 1-5, wherein
a p-propiolactone derivative is produced.

9. A process as claimed in claim 8, wherein the carbonylation is
conducted in the presence of a hydroxy compound selected from water
and alcohols.

10.

acids or derivatives thereof by carbonylation of an epoxide in the

A process for the preparation of a,f-unsaturated carboxylic

presence of a cobalt-containing catalyst to form a S-propiolactone
or its polymer and subsequent dehydration of the S-propiolactone
or its polymer, characterised in that a catalyst system further
comprising a hydroxy substituted pyridine compound is used.

* DF2/T1849FF



hydroxy gubstituted pyridine conpound. 5 2. A process as E S

claimed in claiml, wherein the hydroxy substituent is in the
3-position. 3. A process as clained in claim2, wherein -
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