WO 97/0

3943

PCT/ EP96/ Q 8 PROCEES
FGR THE CONTI NUOUS CARBONYLATI ON OF OLEFI NS The i nventi on réj%? e
process for the continuous carbonylation of ol efins whereby anpeBeédwmyis

reacted with carbon nonoxi de and a nucl eophilic conpound.

the inv
car bon
nucl eop

ention relates to the conti nuous 5
nonoxi de
hilic conpounds in the presenc

Cl- 6 al weidhvrmCarino)vybests orsanizanOf | NS i ¥

I n paey ular

car bonyl ati on ofg#

Car bonyl s ("Re

reacti ons' ' INTERNATEONALI ABPIICAHONSURLISHER: UNDER THE®ATENF @

"New S
1980) .
wat er)

kTP ST RRABMEIOXT 0E"

edl
T CAE e

?ﬁe nucl e

tsycuseramibral Bublication Patwy (i 6 Rebruary, I8 (06079)

@ atidml Pabticiifon Nualbkd; NOET - vmlmmsm

ophilic conpound is

the nu
3.6.2.2
of ol ef
Hydr ges
pr oduct
sui t abl
n- but yl
of hydr
smal | er
t hat of

cont i nupus

by hydr
car bony

eophttc—compound—Ts—anm—atcuot T

h|||c

h nUﬁIe s

such as nethyl proplonate and n-
(30) Bridritydatee Nt S n che
acetﬁ???”gﬂ ?; ﬁjﬁggga pro
pest e bhﬁﬁ&hﬂﬁwﬂ& uﬁma¢|s decmaat
amounts of 25 cat al yst conpon
A gnbl) bl AOGHER a5
e e e Porbes,
pest eNLINLE Larelopgn ch R e
ati off catal yst system base

i NS \Mt
@ Jnferna
S,

t ri phenpdn apinasd fFrnés a4k NSHEDR CANADA LIVMITED

[CA/CA]; 400 - 4th Avenue S.W,, Calgary, Alberta T2P
2HS5 (CA).

(72) Inventors: DRENT, Eit; Badhuisweg 3, NL-1031 CM Amster-
dam (NL). HASSELAAR, Melis; Badhuisweg 3, NL-1031
CM Amsterdam (NL).

, @) \ihGhiatdal Appicition Ninbér: 2. 3 mnmmmo (wvm

BERIRLparlL, oL EEE

WTh Thn 15 Sect1 on

AL, AM, Y,
i g
PN KW| MX, NG, NZ) L, PT, RO,

T [ TR, IL.UA, UG, UZ,

S o E e

) OfL| DE,IDK] $i5, (M, R,
at edLU mm@m%m&%@-m.

oeatT

utyIRm@n
al sor
s f

nts BETRT han

D provides a process for the

Rubliehel pr opi onat es are prepared
inV pravEh gport

0 on pal | adi um acet at e,

aci d. The al kyl

(57) Abstract

and a nucleophilic compound in the ofa
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(59) Title: PROCESS FOR THE CONTINUOUS CARBONYLATION OF OLEFINS

The invention relates to a process for the continuous carbonylation of olefins whereby an olefin is reacted with carbon monoxide
based on: (a) a source of a Group VI metal cations, (b) a source of

lation product of the olefin, whereby during the process the

carboxylic acid is either added continuously or intermittently or is prepared in-situ by continuous or intermittent addition of water.




WO 97/ 03943 . PCT/ EP96/ 03170 - 2-
propionates are renoved ("stripped") fromthe reaction vessel in a stream
of vapour. Ligand consunption during the preparation of n-butyl propionate
was reported to be as low as 3.3 to 6.8 kg/tonne, depending on the length
of 5 the trial run. The final rate of production (froman initial 500
mol e. product p¥OHOPM3Pd per hour) was 100 nol e/ nole. hr. A defI{FER6ARIZ0
t he conti nuous process of EP-A-0,411,721 (and EP-A-0, 279,477) is the high
ratio of 10 triaryl nonophosphine vis-a-vis the netal, and the co-
production of phosphonium salts due to the presence of nethanesul phonic
acid, a strong acid. Mreover, active catalyst is |ost when the
contam nants are renoved. As a result, purity of the hydroesterification
product is 15 advisSEtss FoRe ThRd coRTINGDUSAEARBONCERFEN OF diMrINs
process. Finally, to provide a viable route for commercialisation, ‘besides
a highly desirable further reduction of |igand consunption, also
i nprovenent in respect THe tinveatddncreldatest toaadpretess i for (e edntithuous
remai ns wel cone. Re s e Lood [ |y st by
%%ficar O&txy:]% o ogk_ﬂﬂ @ﬁégeigg %ﬁeézf&ﬂ:? i reC%’ciEeed“

a weak acid such as ¢ I'c acl. d woul d redu e Tormation Of
phosphoni um sal ts, Wide\eaxrban meagrddg agd, agneelepehitic \sompaind hdn
catal yst system Bgsasieboulds thek iavedttioferglatesecosttind odritindsus’5

nci d. [hus fhor casi F TR AARR, B AU psReC KRR, Batbbti b RE R g A ha
excel s in the carbdit@atalsaehsl.

Carbonylation of olefins with nuclecphilic compounds
in the presence of Metal Carbonyls ("Reppe reactions")
has been described extensively in the standard textbook

10 "New Syntheses with Carbon Monoxide®, edited by J. Falbe
(Springer-Verlag 1980) . Hydrocarboxylation (i.e., wherein

Ky

the nucleophilic compound is water) is dealt with in
Section 3.6.2.1; hydroesterification (i.e., wherein the
nucleophilic compound is an alcohol) is dealt with in

i5 Section 3.6.2.2, whereas Section 3.6.2.3 provides further
samples of carbonylations of olefins with nucleophilic
compounds other than water or an alcohol. Hydroesterifi-
cation is of particular interest, as hydroesterification
products, such as methyl propionate and n-butyl

20 propionate are suitable replacements for the common
chemical solvents ethyl acetate and n-butyl acetate.

In EP-A-0,411,721 a process for the continuocus
preparation of hydroesterification products is
demonstrated, which process consumes smaller amounts of

25 catalyst components per tonne of product than that of
EP-A-0,279,477, which document also provides a process
for the continuous carbonylation of olefins. Thus, alkyl

. propionates are prepared by hydroesterification in a
reaction vessel in the presence of a carbonylation
. 30 _ catalyst system based on palladium acetate, triphenyl-

phosphine and methanesulphonic acid. The alkyl



olefins is that disclosed in EP-A-0,495,547; found by 30 conmbi ning (a)
a source of Goup VIIl netal cations, such as palladiumacetate, (b) a
source of an aliphatic di phosphine, and (c) a sour.ce of anions. As anion
source preferably a protonic acid is selected. Preference is in particular
given to sources of non- or weakly 35 coordi nati ng anions, by which is

meant that |ittywe o9039a® WO 97/ 03943 : PCT/EP96/03170
PCT/ EP96/ 03170 -3- covalent interaction takes place between the cation and

the anion. If the anions are derived froma weak acid, e.g., a carboxylic
acid, the carboxylic acid is prefer- ably steriCally hindered by bul ky
substituents to 5 PropdeRakrScarpereBavedcy " sorirRedl) nbxen thei¥eaction

docurment, however, memsedednna besehinngftvapuercanbgane esmvgnifon during

identified in th ' ' r | | ent
catal yot system s Jhe. PLAR-REOCHSseTRIBNEDE Al cna dl Ul it 4 ko be
system 10 ment BSndP¥WaBSvé - BntPnhat 8 ka/tonne o deperiing amithe ksngtimof
Use of this Batal ystheytirdaldirtnal The NPinAL OXAES & SpIEAIEEL D NLE LB

process with high rat f.4p uction, low. jnpurit and .|l ow | i gan

consunption. Surpri S‘ﬁ&ﬁﬁl §8§oﬂ?#ﬁu8ﬁ‘§3‘¢?%g€§§ %ﬁ%rpq%d’rﬂﬂr)l%s

whi ch produces fewel0fomodei/mabeshrreduces the Iigand consunption and

|Mproves Lhe product] onar abesByeREPPEE SEL SEohCimBlud erdldl K3 System
or e

Carbonyl at]on of ol B ASOuAbTengt At EBR PP rATe. FERATE AP the High xRS
monoxi de an#i0a nucl sxghiryilcmonophosphime t vibs pd esis cche fmet x5t an tEiRy sdem
based on: production of phosphonium salts due to the presence of
: methanesulphonic acid, a strong acid. Moreover, active
catalyst is lost when the contaminants are removed. As a
result, purity of the hydroesterification product is
15 adversely affected, as well as the economy of the
process. ‘Finally, to provide a viable route for
commercialisation, besides a highly desirable further
reduction of ligand consumption, also improvement in
respect of the production rate and retention thereof
20 - remains welcome. Replacement of the strong acid in this
catalyst system by a weak acid such as a carboxylic acid
would reduce the formation of phosphonium salts, however,
it would also reduce the aétivity of the catalyst system.
_ Besides, the weak acid undergoes reaction with the
25 nucleophilic compound more easily and irreversibly than
does the strong acid, thus increasing the content of
contaminants.
A catalyst system that excels in the carbonylation of
olefins is that disclosed in EP-A-0,495,547; found by
30 combining (a) a source of Group VIII metal catione, such
as palladium acetate, (b) a source of an aliphatic
diphosphine, and (c) a source of anions. As anion source
preferably a protonic acid is selected. Preference is in
particular given to sources of non- or weakly
35 coordinating anions, by which is meant that little or no



(a) a source of a Group VIII netal cations, (b) a source of an aliphatic
di‘phosphine, and (c) a carboxylic acid which is the hydrocarboxyl ati on 25
product of the ol efin, whereby during the process the carboxylic acid is
ei ther added continuously or intermttently or is prepared in- situ by
continuous or intermttent addition of water. The olefin preferably is an
al kene havi ng 'woerA3%s» 30 20, nore preferably from 2 to BECI/EPI%Ma170
atons per nol ecul e. Most preferably, the olefin is ethene, producing
desirabl e propionic derivatives. Suitable co-rgactants in the process of
the invention include nucl eophilic conpounds other than water having 35
one or nore active ERBBLPRY INEewRption Sakesrpdageobetveen e oggabbonzand
PCT/ EP96/ 03170 -4- chet anionyelf i the ishidngare derdivednfromss weaktaeid,
hydr oesterification_of ol f'#ﬁ:g' ti ] C ) h
it may al so be appl Féé'\'/\hgn&. e ’hﬁ%‘.’eo :ﬁiaf'i ﬁéo%%%ﬁ%g}géa%ggéﬁ %se?ﬁ}@fgg-
t hi oal cohol or aci d@b3y sterigall Qé%ﬁd)fbl’sbﬁm gsuhgtitesnts ko

conpounds iarsa ngno-mafidmﬂbélyﬁlli% Ctéﬂcli@mj# $oﬁt¢@?rﬁinﬁf&i§.bﬁﬂ0hri§ttlhmhent,
bt anedi o s and_ am JEEeVELY  pREFESR ing LRRGHAS, £, AYPERPRE. L€ drmykacke ,
1 to 6 carbon atonsigentified im the conbiquwows pirogeed vestivned Jabove.
car bgnt at ons per ol ecutﬁoﬁ&@r%féfﬁzre% d%t@l%ﬁoh stﬁﬁﬁlhf@%iéﬁbsded in
L4 butaned o are GSPRR) b1 PR H B¥Len BephoEnd e Tiet P rs
such as netdy| propmentioned above in that it is a non-acidic catalyst
system. Use of this catalyst system did also not provide
the wanted continuous process with high rate of
production, low impurity make and low ligand consumption.
Surprisingly, a continuous process has been found,
s . which produces fewer contaminants, reduces the ligand
consumption and improves the production rate by proper
selection of the catalyst system. Accordingly, the
present invention provides a process for the continuous
carbonylation of olefins whereby an olefin is reacted
20 with carbon monoxide and a nucleophilic compound in the
presence of a catalyst system based on:
(a) a source of a Group VIII metal cationms,
(b) a source of an aliphatic diphosphine, and
(c) a carboxylic acid which is the hydrocarboxylation
25 product of the olefin,
whereby during the process the carboxylic acid is either
added continuously or intermittently or is prepared in-
situ by continuous or intermittent addition of water.
The olefin preferably is an alkene having from 2 to
30 20, more preferably from 2 to 6 carbon atoms per
molecule. Most preferably, the olefin is ethene,
. producing desirable propionic derivatives. _
Suitable co-reactants in the process of the invention
. include nucleophilic compounds other than water having
35 one or more active (mobile) hydrogen atoms. The process



15 ate, butyl propionate, 1,4-diacyloxy butanes and (from butene)
met hyl pentanoate. These conpounds are of commercial interest and may be
used as solvents and in flavouring conmpositions and perfunmes. The process

of the present invention can-also be used 20 to prepare carboxylic
acids by conti Ji dro- carboxylation of the olefin wth wgjg ﬁ?aﬁn
nucl eophilic cgﬁgoun%¥ In that case, the presence of an additional anion

source, such as the strong or weak acids as ad4 vocated in the rel evant
art, is not required, nor is the 25 addit i"onal dosing (continuously or
intermttently) of ofietbarboxghtiomcial afhparitdcuferhjncsrasbofyt dthen _
product of the ol ef jp di»aéstérmeétfaﬂ bR ARF ) uTae PEehetiss ﬁ{&f%for-
conponent (a) of the ca%ﬂ# ste IS a source cat& a g%?
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(1) whereineach of Rert], He'tlesSad) 288 50095045 2o

N 1,4-butanediol are especially preferred. The use of these
compounds as co-reactants enables the production of
valuable carbonylation products, such as methyl propion-

15 ate, butyl propionate, 1,4-diacyloxy butanes and (from -
butene} methyl pentanbate. These compounds are of
commercial interest and may be used as solwvents and in
flavouring compositions and perfumes.

The process of the present invention can also be used

20 to prepare carboxylic acids by continuous hydro-
carboxylation of the olefin with water as nucledphilic
compound. In that case, the presence of an additional
anion source, such as the sﬁrong or weak acids as ad-
vocated in the relevant art, is not required, nor is the

25 additional dosing (continuously or intermittently) of the
carboxylic acid that is the hydrocarboxylation product of
the olefin (as it is in-situ prepared).

- The preferred choice for component (a) of the
catalyst system is a source of cations of nickel,

30 palladium and/or platinum, more preferably palladium. A

| suitable source for palladium cations are its salts,
metallic palladium and (zero-valent) palladium complexes.
Suitable sources for nickel and platinum cations are
nickel salts of carboxylic acids and platinum complexes,

35 for instance with acetylacetone). A very suitable source




represents a substituted or non-substituted aliphatic or 10

cycl oal i phatic group, or Rerr] together with Rerr] and P, and/or R3
together with R err] and P represent a substituted or non-substituted

bi val ent cyclic group with at least 5 ring atons, or Rerr] together with
Rl err], and/or ogether with R4 represent a substltuted or

non- substltuteav bi val ent cyclic group with at least 5 FFFGTQWPWE’
whereby the two free val encies of such a cyclic group are linked to a
singl e phosphorus atom and R represents a bivd ent organic bridging group

containing from1l th“leQH&;bﬂ(iﬂe d¥dtiee . Brher simild?1§f enaklapad he
bridging group R represents an alk en %FS%P ta|n| fro 1t0a,$o
carbons atoms in t hE°BFFEEe™™ "HH@ ecdfﬁﬁq ve.
interrupted by a heter oSuibablsm:Iﬂ.phatatc aid;;gmaphimas the heebe&]slc)l,odéd

represents a 1, 2-et byl ppea. S’H p,
nore in partlcul ar EM gg s ﬁ %gieu?ro%ﬁgwgﬁrefe)reg allp atlc 0%8’%1%{1\% 1

to 10, nore E'preferaE i:1“‘?'5 nithtthe

met hyl , tert-butyl, hayel nhexgéneﬁr fdiﬁrtula I Exarrpl es of

phospha cycl oal i phat I c groups corrplitligpl &Qacycl ohexyl , )

2, 6-di met hyl - 1- phosphacycl ohex se of di phosphl ng conpri si ng

a bival ent (substi tHP@H?-"-Ey%F?% ‘Qﬁcﬂi’p R ank R independengdat her 35

\éVI?'; 8355? r], and/or r&:ﬁééknt@g@télﬁﬁsﬁ/ﬂﬁﬂté@ ox aforPeRibs At o allﬂphat\ﬂ@ or

sui t abl e. I]h generafyfﬁga%gﬁ%l%rﬁfﬂ’%or&ﬁ, %(%Te/t e9r6/w9. %17%2' dm%st

and/or together with R% and P represent a substituted

p or non-substituted bivalent cyclic group with at least
5 ring atoms, or Rl together with R2, and/or R3 together .
with R% represent a substituted or non-substituted

15 bivalent cyclic group with at least 5 ring atoms whereby
the two free valencies of such a cyclic group are linked
to a single phosphorus atom, and R represents a bivalent
organic bridging group containing from 1 to 4 atoms in
the bridge.

20 Preferably, the bridging group R represents an
alkylene group containing from 1 to 4 carbons atoms in
the bridge, but it may also comprise a carbon chain,
interrupted by a hetero atom, such as an oxygen atom.
Most preferably, R represents a 1,2-ethylene, a

25 1,2-propylene or 1,3-propylene group, more in particular
a 1,2~-ethylene group.

Preferred aliphatic groups have 1 to 10, more
- preferably 1 to 6 carbon atoms. Examples of suitable
groups are methyl, tert-butyl, cyclohexyl, etc.

30 Examples of phospha-cycloaliphatic groups comprise
l1-phosphacyclohexyl, 2,6-dimethyl-1-phosphacyclohexyl,
etc.

The use of a diphosphine comprising a bivalent
(substituted) cyclic group, represented by Rl together
35 . with R2, and/or R3® together with R%4, has been found to be



least 5 ring atonms and preferably contains from6 to 9 ring atons. Mre
~preferably the cyclic group contains 8 ring atons. Substituents, if any,
are usually al kyl 5 groups having from1l to 4 carbon atons. As a rule,
all ring atons are carbon atons, but bivalent cyclic groups containing one
or two hetero atons in the ring, such as oxygen- or nitrogen, atons are not
precl uded. ExalyP&¥03843 suitabl e bivalent cyclic groups are /EP96/03170

1, 4- cycl ohexyl ene, 10 1, 4-cycl oheptyl ene, 1, 3-cycl oheptyl ene,

1, 2-cycl o- octylene, 1,3-cyclooctylene, 1, 4- cycdooctylene

1,54cyclooctylene cy£lo
2,6-dimethyl -1, 4- cy%?ooc$¥ e%g§%hd£é %&%¥££?ec?e ﬁyi} Ot Fgﬁng?gu%E
1, 4-cycl ooct yl ene, 1east 1r$n5y%¢%E§t?@%d@ﬂegéﬁﬁhﬁﬁ t@&PFs pom futed

derivatives thereof ghgifig ftemsl mdreTﬂib@fei-élﬂymﬂie wwlew gttotppBonapaingss

2L b s(cycl ovcty eRABHORFHRRG) SEREREE SR 13 BheaTe BULE Byt
| UPAC nonencs at ur e: grhupsyhﬂtlngcfnmmaxyMOmﬁr¢arqqnﬁatqmsorAPAaZleeisah%rs
of 1,2-P, P (9-phos- r@{i baeaﬁboapayémaﬁr@oméorbd@%waqwtawe&ief ?ibﬁ%

bldentate | i gands, eren e i s made Khomn technlques for exa
met hod di scl osed i nCeREAIR §$7°§%5°r2§w° etero gc as
catal yst systemis dx?genenbrfnitsagénpl&ﬁomsLamﬂjndﬁﬂprecﬂbdbﬂe Bkaﬁphessof

ethene o Propene,  GQTPORED! piela i e{,ﬁf{ %&ﬁ'&@% Wrohuid seft] o

The advantage is th react1 on of t
nucl eophi | i °conpouﬁd4F€¥91?EePFY§9ne' éiﬁﬂﬁ: &3 256¥SitAad by
the carbonyl ation Oéct?keﬁéef1n3McYblbbetyIEﬁéﬁﬁmﬂnJOyrlD@mnquede For

e Tnss by esrer el AATEPEELLLER, Pty A peals o
EP- A- 0, 055, 875 t he 2s6-8im@ah¥l-br4aCrateRssyiene ‘and 2, 6-dimethyl-
1,5-cyclooctylene groups, 1,4-cyclooctylene,

5 . 1,5-cyclooctylene, and methyl (di)substituted derivatives
thereof being preferred. .

Thus, the most preferred diphosphines of formula (I)
are symmetric or asymmetric 1,5- or 1,4- isomers of
1,2-bis (cyclooctylenephosphino) ethane, and mixtures

20 thereof (or in IUPAC nomenclature: the symmetric or
asymmetric [3,3,1) or [4,2,1] isomers of 1,2-P,P'(9-phos-
phabicyclononyl)ethane) . For the preparation of the
bidentate ligands, reference is made to known techniques,
for example the method disclosed in GB-A-1,127,965.

25 Component (c) of the catalyst system is different for
each olefin used. Thus, if the olefin is ethene or
propene, component (c) is either propionic acid or
butyric acid. The advantage is that any reaction of the
component (c¢) with the nucleophilic compound results in

30 the same product as obtained by the carbonylation of the
oclefin with that nucleophilic compound. For instance, in
case of hydroesterification the product is the same as
obtained by esterification of the alcohol with the acid.

From EP-A-0,055,875 the use of water or a carboxylic

35 acid is known to promote hydroesterification processes



35 acid is known to pronote hydroesterification processes WO

97/ 03943 PCT/ EP96/ 03170 -7- that are
run batch-wi se. However, this docunment is silent as regards the problem of -
| oss of catalyst activity in continuous carbonyl ation processes. Besides,
the processes have been conducted in the presence of a less 5 active
catal yst syst ervobnvsngs based on a different ligand. Sinilarly, PCrareesn3t7o
EP- A-0, 495,548 highly active catal yst systens based on aliphatic

di phosphi nes substituted with tertiary al kyl grpups are known, which again
are only |Ilustrated I n batch type experinents. 10 Mor eover each of
the experinents is gﬂbcbrﬁééﬁeéHQWe¥?¥mrﬁhﬁf;QEQ?mﬁﬂﬁrﬁQIﬁilent

away fromthe aneansVQ'e@@.ﬂﬁﬁpthéf pEB1EMESE Mosd i idaalyBte autinaty iih
preferably operated under _a bl anke ner t i trogen.

, | |
The best results, iFoprs—2uous, &8 6"Y%?£? %F%%ﬁé&ﬁ%ﬁgég%da%P ¥ ound when
all reagents were pmmqspeaegageebeeuwgr&gg@m%ei}'} tfeﬁ]@nﬂm o & Hess
reactor vessgl underactiberdsthlgbe! ByScbi be s bl @i d MiilefRarEAsi Li Ons
nost® preferably use S a bidentate
ligand of the forrruq'(i'ggé’f1 o&tmégg’v’t:y Wh%?'@l ﬁsé%%ﬁ%ﬁ T Fesent
a l,4- and/or 1,5- icatedystf sgstemsobasedcon-akiplatiodiphogphdmesR
represents a1, 2ol Rgghdeuted &eaoexkﬂsxfraﬂkfze &£ 25l i4m ARfhiidH )

a 25 car boxyli c aci i n case f1n I's ethene, ,propionic
acid. The ratio of RGP 3Fe PRANLLuEETRERd Hif Pafch-toms, experimerts.

10 Moreover,. each of the experiments is conducted in the

A

presence of a strong acid, pointing away from the
inventive concept of the present invention. '
. The process is preferably operated under a blanket of
inert gas, e.g., molecular nitrogen. The best results, in
i5 respect of ligand consumption, were found when all
reagents were properly degassed (de-oxygenised), and
charged to the reactor vessel under a blanket of this
inert gas.
The catalyst compositions most preferably used
20 comprise i) a palladium salt, ii) a bidentate ligand of
the formula set out above, wherein RIR2p and R3R4P each
represent a 1,4- and/or 1,5- isomer of a cyclooctylene-
phosphino group and R represents a 1,2-ethylene, a
1,2-propy1ehe or 1,3-propylene group, and iii) a
25 carboxylic acid that is, in case the olefin is ethene,
propionic acid.
The ratio of moles of ligands used per mole of cation
preferably ranges from 0.5 to 10, most preferably from 1
to 3. .
30 The quantity of, for instance in-situ prepared,
carboxylic acid used in the carbonylation reaction may
' vary within wide ranges. Preferably, the amount of acid
is 1 to 1000 mole, more preferably 1 to 500 mole of acid
. per mole of cation. To maintain a constant activity of
35 - the catalyst in the continuous process, acid or water are



preferably ranges fromO0.5 to 10, nost preferably from1l to 3. 30

The quantity of, for instance in-situ prepared, carboxylic acid used in the
car bonyl ati on react i on may vary within wi de ranges. Preferably, the anmount
of acidis 1 to 1000 nole, nore preferably 1 to 500 nole of acid per nole
of cation. To naintain a constant activity of 35 t he catall,gt i n the
continuous proc¥QETRMI 4 or water are WD 97/ 03943 /EP96/03170
PCT/ EP96/ 03170 -8- supplied intermttently, or -nore preferably-
continuously to the reaction vessel to avoid de®pletion of catalyst

corrpotnent c) by bei rsg;pﬁlrﬂewqﬁtam&taﬁtw;’i\%t%d@ 1efe‘i@dﬂ tion of acid.
or water in an anoun i n rom err rr

of product was foun(f’of’é:]ﬁ’gl é‘%&&'u&f’etPF zeac %ﬁqef]egl%lﬁ"]%gf ReFﬂ'ﬂﬂ'l af
recycle. Else the amanalyst] icomponest) ¢) Cbmvhennmtdm;inpad &romn thef react:.on

catalyst systemis nelsgidivehiaiEibh. off 55 'Sf! MY, Urf aidubRC-aA008,
10 10[err] to 1%”] gole cat nol e of ole nore pre gly
in the range 50f 10- 1977 &R #Re SQ etﬁ%?s‘m]}% Q%é’ﬁﬂdé'&tsyaéf fopnd to

i nvention |'iquid cadeomdespiate mﬁ.oéuctwheld/cnrﬁ&d)ldlﬁ: efithicultenighedi n or
nucl eophilic 15 %ung%ggytﬁgrgﬁoﬁt svﬁ}i‘.l? lél’éégg the reaction. It
resene

Is also possible to pe e reactron ‘of an additional
liquid diluent, in part CORVERiRREAY: hEhe camQunh §%I°@Q§§é’@tl systemchsonetric

amounts. Suitabl e didelativedye shal 1o X REPESrFed aimoutitedldre GANRAMNGanga USH
20 as fgtones, 1g-meLy 45-9 mol&! LYK Pl b1 df'%1efin, more
: preferably in the range of 106 to 10-2 on the same
v basis.
In the process of the invention liguid carbonylation
product and/or surplus of either olefin or'nucleophilic
15 compound may serve as solvent during the reaction. It is
also possible to perform the reaction in the presence of
an additional 1iquid diluent, in particular when the
reactants are used in stoichiometric amounts. Suitable
diluents are for example polar, aprotic compounds, such
20 ' as ketones, ethers {e.g., tetrahydrofuran or the
dimethylether of diethyleneglycol) or sulphones (e.g.,
sulpholane). Preferably, the liquid carbonylatlon product
serves as solvent.
The carbonylation reaction is conveniently carried
25 out at moderate temperatures, generally raﬁging from 30
to 200 °C, preferably ranging from 50 to 150 °C. Reaction
pressures may be atmospheric or superatmosﬁheric. In
particular pressures ranging from 2 to 70 bar gauge are
preferred. Higher pressures are not precluded, but
30 usually do not provide advantages.
The continuous process is preferably carried out in a
stripping reactor, although it may also be conducted as a.
continuous process as disclosed in EP-A-0,279,477. In the
preferred embodiment, the obtained reaction mixture is
35 stripped from the liquid phase in the reaction vessel by



di met hyl et her of diethyl eneglycol) or sul phones (e.g., sul phol ane).
Preferably, the |iquid carbonylation product serves as solvent. The
carbonyl ation reaction is conveniently carried 25 out at noderate
tenperatures, generally ranging from30 to 200 [err]C, preferably ranging
fromb50 to 150 C. Reaction pressures may be atnospheric or

super at nospher WO9¥3arti cul ar pressures ranging from2 to 70PEHEPRALW
are preferred. Hi gher pressures are not precluded, but 30 usual ly do
not provi de advantages. The conti nuous process 9 s preferably carried out in

a stripping reactor ou [ té?%/ oolol nki.n S
process as discl oseg?‘?%{lglb-%;%é , 4?34.1%%%%%1e p%g?tgggeg?gggggi sﬁ%ngggt he
obt ai ned reaction nikeuid pPRass, for exampise Fhe gucigerhidicdicpmaounds widl
reaction vessel by alsdb@7rémé¥el in the stream of vapour. The rate at
PCT/ EP96/ 03170 -9- v r n Pﬁ[ ' eclals.pre hn_{he
| i qui d phase, for eyg%tie??éeysn& ef&gﬂﬁddglnp@%tgng{eg‘\?miﬁghaﬁggggg Féﬁ%&g‘dbe
in the stredm of vapvfficient te stuipvthen npactionppreducthfroghtheeliquid
reaction vessel shoghg8sef &nd may B ‘detiedifined By sAmblle &RpELiNGnPRLIBAL
fromthe |iquid phase, gﬂd mﬁéibe detern1n§%5%¥ %é Ig experinentagtion. The
stripping gas used to fOrth ?He RS, R WP ggc h5r PEE=PPF nV2BSHKoN
nonoxi de and/ or onemay compriserelefigns carhorerempikddei andden, onar brnmore
di oxi de and 10 iRePLegaBess FiC @il trbdedddhirBBn 406x25E! RREND
gas may contain relatL%elg m nor qﬂnunts of hydrogen gas (e g., ug tg a
partial presSure of P2PHGrIASGRSITHhER AT itiop, the Brrippisg gas
range). Preferably mag gestain relatively minor amounts of hydrogen gas
- {e.g., up to a partial pressure of 1 bar a when the total
pressure is in the preferred range). Preferably the gas
consists of olefin and carbon monoxide, i.e., the feed.
15 The molar ratio of olefin to carbon monoxide is
preferably in the range of from 9:1 to 1:9, more
preferably from 2:1 to 1l:2.
The stream of vapour leaving the reaction vessel may
be cooled to afford a gas phase and a liquid phase. The
20 ' gas phase may be conveniently returned to the reactor
vegsel. In case the carbonylation product is an ester,
the simplified process flow scheme disclosed in
EP-A-0,411,721 provides a convenient method for
separating the ester. .
25 Although the invention is best explained by the
process of preparing n-butyl propionate from n-butanol
. and ethene, the skilled reader will realise that the
- present invention has a much wider applicability. The
invention will be illustrated by the following examples.
30 Example 1 and Comparative Example A
A continuous process for the preparation of n-butyl
. propionate (NBP) from ethene and n-butanol (NBA) was
carried out in a system comprising a 250 ml autoclave
. equipped with a gas sparging stirrer, a degasser and a
35 distillation unit. The autoclave was provided with an



consists of olefin and carbon nonoxide, i.e., the feed. 15 The nol ar
ratio of olefin to carbon nonoxide is preferably in the range of from9:1
to 1:9, nore preferably from2:1 to 1:2. The stream of vapour |eaving the
reaction vessel may be cooled to afford a gas phase and a |iquid phase. The
20 gas phase may be conveniently returned to the reactor vessel. In

case. t he car boryd od43948 product is an ester, the sinplified propefrdscodrto
schenme di scl osed in EP-A-0,411, 721 provides a conveni ent nmethod for
separating the ester. 25 Al t hough tﬁelkn!ention I s best expl ai ned

by the process of pre aring n-butﬁl_pro | onat e from n-butanol and ethene,
the skilled reader RPFLeFe@RfdsHitRainleks kexfRThoR dAncddeas esthanen fresh

applicability. The tatabysonanill Eréshi ahdstecyeled)lideid.oliguias qeagnl,es.

30 Exanmple 1 a | ' r.ocess for the
preparati onrrgf n- bu?ggiggggégﬁg¥g;§xm%%%%% §ﬁ£§°3§§ﬂ) s
carried out in a sy WeHEpr fass 0 rRACkoO\Resapl wsdnawhigha gas
sparging stigrer, apg#egaare’HANd Pumbs. distillation unit. The autocl ave

gg;/gggg}ggg7gnfhlgn_ dﬁy%%gzé%gqégk?F%mﬁ%ﬁ§”§§wsﬁﬁﬁQﬁﬂwbﬁbﬁ8§F&§? theiene,
fresh catal yst and feashoznlievelycortrol (at cappropiimitely ¢80 hlgand £illing
di ssol ved in NBA anghar 8phefbs #esselli wsoh Vgiiiéfbg}\é%)bl‘éﬁﬁ&t_@%eﬁahyﬁﬁpt he
reactor vessel usi nﬁ_?.\g{gh S(wei hgr_ggéijgeo 3L0C:/,;)°Lsrrpasﬂd '%ht ygl call exper1 nment
was started by sett he g e catalyst
10 components carboxylic acid, ligand (a mixture of
symmetric and asymmetric 1,5- and 1,4- isomers of
1,2-bis(cyclooctylenephosphino)ethane) and palladium
acetate (in the amounts indicated in Table 1). Then, the
reactor vessel was heated to reaction temperature
15 (120 °C) under CO gas-flow and the reaction pressure was
kept constant by a back-pressure regulator (6.0 bar
gauge) . Ethene was supplied in an equimolar ratio with CO
(gas flow of about 60 Nl/hr). NBP was removed from the
reactor vessel by stripping with excess CO and ethene,
20 whilst leaving the catalyst solution available and
active. The liquid hold-up of the reactor vessel was
controlled by a level detector in the reactor and kept
constant by supplying the alcohol NBA.
All gases leaving the condenser and the degasser
25 passed through a recording wet gas meter. The gas
consumption rate was used as a measure of the catalytic
activity. Accordingly, stripped NBP was condensed,
collected and analysed, for instance by on-line GLC.
In Example 1, 0.21 and 1.04 weight % propionic acid
30 (wt%, on the contents of the reactor vessel) were added
at respectively'29 and 48 hours. At 53 hours, 0.35 wt%
water was added, followed by continucus addition of water
after 73 hours of 0.83 wt%/hour.
The Table below provides detailed information on the
35 process conditions and the production rate/ligand



reactor |level control at approximately 180 ml and filling-the reactor
vessel with (nitrogen bl anketed) NBA/NBP m xture (weight ratio of 30/70)
and the catal yst 10 conponent s carboxylic acid, ligand (a m xture of
symmetric and asymretric 1,5- and 1,4- isonmers of .
1, 2-bi s(cycl oowdg,ﬁ,gﬁghosphl no) et hane) and pal | adi um acetate (gcoy /%!k!ﬂmsﬂo
annunts i ndicated 1n Table 1). Then, the reactor vessel was heated to
reacti on tenperature 15 (120 [err]C) under CO gas-flow and the
reaction pressure was kept constant by a back-Ptessure regul ator (6.0 -bar
gauge). Ethene was eupsthpﬁh.om an eqw molar ratio with CO (gas flow of .
about 60 NI /hr). I 6 or vessel by stripping with
excess CO and et hen@; g The catal yst solution

avai b abl e and acti ve. ﬂaesfq cﬁamrmeatapwet garrigd: oktvassdesepibed

cont lrol l'ed by aI | evabowel e:rcmrvem tﬂnﬁ reagiter aaésh@gwasoaﬂmaa Mth an
supplying the al co n onde nd t gasser
25 ° passggd thr%ecor |n %3§° ?’t(} § h?;u ?‘?oﬁ PUtER
was used as a neasu@@“mrawéfﬂzmﬂmlecBama/lrleyluCAdcﬁoUmngnyq.nstx.aipped NBP
was condensed, col |l pgter/mnd@ny )gs%uzfsqr vllasbgngg/ma QR- Eb”@s%r%)“ to

Exanple 1, 0.21 and 4,.wei ght % propi o aC|
contents of the rea%%f#ﬁ s§§ 95§%§°§6§ &d T8 PeQBSEFP§EI ZﬁnaﬂﬂcﬂBcﬂours
At 53 hours, 0.35 wtasewatBr Q‘maadrll:é.&p ExiampledChytcwasi abowts 200Nl /iR, Ofhe

vater aft o3 hourgy Alody i WD dloa The cLapheaPeleuapiayi dos il | od

I nformati on on the 35 prQcess conditions™an
ratel/ligand oy frlisec-butyloxy) benzoic acid, as 1s in line with
PCT/EP96/03170 EP-A-0,495,547. In Comparative Example C a non-acidic

catalyst (using 200.3 ml/l trihexylamine (= 6.74 wt%) as
initial charge, whereto 6.78 wt% trihexylamine was dosed
15 at 20.5 hours, 1.63 wt% of tri(n-butyl)orthoformate was
dosed at 23.5 hours and 0.81 wt¥% trimethylorthoformate
was dosed at 44 hours) as in line with WO 94/18154 was
used. Details of these experlments are also zncluded in
the Table.
20 Examples 2 to 4
These experiments were carried out as described
above, however, at a reaction temperature of 130 °C, and
a reaction pressure of 3.5 bar gauge. The reactor vessel
was filled with an NBA/NBP mixture of 15/85 weight/weight
25 ratio. Gas flow in Examples 2 and 3 was about 80 Nl/hr,
that in Example 4 was about. 60 Nl/hr. '
In Example 2 propionic acid was continuously added
(average dosing rate of 18 kg/ton ester). In Example 3,
water was continuously added until 97 hours (av. dosing
30 rate of 0.64 w% in product), whereupon propionié'acid was
continuously added (av. dosing rate of 14 kg/ton ester).
' _ In Example 4 propionic acid was continuocusly added (av.
_ dosing rate of 36 kg/ton ester). Details of these -
. experiments are also included in the Table.



- 11 - consunption. Conparative Exanples B and C These experinents were
carried out as described above. However, the reactor vessel was filled with
an 5 NBA/ NBP m xture of 20/80 wei ght/weight ratio. Gas flow in
Conpar ati ve Exanple B was reduced forman initial 30 NI/hr (0 to 4 hours)
via 20 NI/ hr (4 to 25 hours) to 12 N/hr to accommodate for a decrease in

production rat ?ob.})ﬁg‘grpar ative Exanple C it was about 20 N/ hpergPsiodfro
use

car boxylic aci In Conparative Exanple B was-

2, 6-di (sec-butyl oxy)benzoic acid, as is in lin 2wi__t h EP-A-0, 495,547. In
Conpar ati ve Exanple C a non-acidic catalyst (uSing 200.3 m /| trihexylam ne
(= 6.74 W% as ini BXamRdBaBge, whereto 6.78 W% tri hexyl ani ne was dosed 15

at d28. glha’?(r)/si 1. 6E°>hvvt OMém?lé(m-MﬁéﬁdetmemamﬂQ@ed_ &élt_ﬁ.&&-bolﬁr S
and O. btrime K A rshias _in line with
WO 94/ 18154 was u'seaﬂ’gé'{’g?l g l%'iﬁ'ﬁlgzlgkexpe | rreantdtitag)eg"a«i)ks)o qsnE‘f‘lﬁkﬂI’Wﬁ&i"ﬁe
Table. 20 - Exanppupoundota ¥hiustwageerthe potentiialc fior ewiogt obber

described abgve, hoﬂﬁ&%ogﬁilﬁcrééﬁééﬁaé.emf‘é A 0f rE%Q:t:Pfi’ oé?gian
reacti on pressure of Il Ied™w an

3. 5, bar ga e. T. elzgeag{or vessel was
NBA/ NBP mi xture of FSFBELREfq t#jge'?“aﬂie bPd{ll)agetates,3 0 gmole/Exdigrrd
2 and 3 was about 88ndl 2h8, wthascid. FReiinal weactonicdifdddition témprised
Exanpl e 2 Propi oni Caa} Gmfigfe f2MbA PEPHR A AL &Y 3% 0319aLA] Cpil 18
kg/ton ester). In Exgggie 3, water was continuously added until “97~hours
(av. dosing 30 (Fipitial otEmetds i the)axRKace Rﬁ%’éﬂ"@}ﬁ&ﬁ‘ FR5Bi ¥aBc aci d
was continubisly adsies tale/mwoleé rigr: dAftef 27 Howrisgn thel @verabs preavteidn
propi oni ¢ acid vas £plipL@upky1 89S 4@uole/mole.hr. The ligand
' consumption was compensated by average dosing of
0.21 kg/ton of ligand.




dosing rate of 36 kg/ton ester). Details of these experinents are also

i ncluded in the Tabl e. WO 97/ 03943 ,
PCT/ EP96/ 03170 - 12 - Exanple 5 Exanple 2 was repeated, however using 1
nmet hoxy- 2-" propanol ("METHYL PROXI TOL" a trademark) as nucl eophilic
compound to illustrate the potential for using other 5 nucl eophilic
conpounds. TheWO®na3®d3 r eact or conposition conprised 2.55 mMmolroIV/EP96/03170
Pd(l1)acetate, 3.0 mmole/l ligand and 2.5 % acid. The final reactor
conposition conprised 2.41 nmmol e/l Pd(ll)yacetate and 0.8 wt% acid. At 1
hour ("initial time"), the average production rate was 10 345
nol e/ nol e. hr. After 27 hours, the average production rate had fallen
nol e/ nol e. hr. The Iiaand consunpti on was conpensated by average dosin

fyand

dosing during the experiment, whereas in Examples 2-5 ligand was dosed to compensate for 1dss.

0.21 kg/ton of |idang. W 94/ 0B943 = . ~
PCT/ EP96/ 03170 - 13 [E§r] V\Dg_/c9324?in o . L
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whereby an olefin is reacted with carbon nonoxi de and a nucl eophilic
conpound in the presence of_a catalyst-systembased on: 5 (a) a
source of a Group VIII netal catji urce of an aliphatic

di phosphine, and (c) a car bodi“u ngm‘\m‘mmrs t he hydrocarboxyl ati on
product of the olefin, whereby® | s process the carboxylic acid is

ei ther 10 wodsesogoNnt i nuously or intermttently or is prepsogpskisizei t U
by continuous or intermttent addition of water. 2. A process as clained in
claim1l, wherein the olefin is ethene. 3. A process as clainmed in claiml
or 2, wherein the 15 nucl eophi lic conpotnd%i 3 an al kanol with 1 to 6
carbon atons per nolecule or an al kanediol with 2 to 6 carbon atons per

nol ecule. 4. A process as claimed in any one of clains 1 to 3, wherein
conponent (a) of the catalyst systemis a source 20 of pal |l adi um
cations. 5. A process as clained in any o 1to 4, wherein_ .
conponent (b) of the catalyst systemis a di phosphi ne having the general

f la | PyR: : I S . |
cach of Rorr]. R o] NpEoeRsl Fbfy %11*?]°9fh§ialg#aeﬁar§>°¥x§?sgantgf’i;{gieeffns
substituted or non- ¥He¥rebyuandodefpnais creacted withi chabor yonopideramfiear |
together with R errhualdoBhidng/ eompbeid |id AR hlestinca BEe&r]:aEQ%rE :
represent a SUbSt't%&%@eﬁrbggga§§55t'tUted bi val'ent cyclic group t% at

| east 5 30 ring-atons, fr] together with Rlerr], and/or Rlerr]
toget her with R[] err]{a)epr 89unceaof ubsEroun SHI3r mesalsebsionas ed

(b) a source of an aliphatic diphosphine, and

(c) a carboxylic acid which is the hydrocarboxylation

product of the olefin,

whereby during the process the carboxylic acid is either
10 added continuously or intermittently or is prepared in- .

situ by continuous or intermittent addition of water.

2. A process as claimed in claim 1, wherein the olefin

is ethene.
3. A process as claimed in claim 1 or 2, wherein the
i5 nucleophilic compound is an alkanol with 1 to 6 carbon

atoms per molecule or an alkanediol with 2 to 6 carbon
" atoms per molecule.
4. A process as claimed in any one of claims 1 to 3,
wherein component (a) of the catalyst system is a source
20 of palladium cations. '
5. A process as claimed in any one of claims 1 to 4,
wherein component (b) of the'catalyst system is a
diphosphine having the general formula I
R1R2p-R-PR3R4 (1)
25 wherein each of Rl, R2, R3 and R%? independently
' represents a substituted or non-substituted aliphatic or.
cycloaliphatic group, or Rl together with R2 and P,
and/or R3 together with R4 and P represent a substituted
or non-substituted bivalent cyclic group with at least 5
30 ring atoms, or Rl together with R2, and/or R3 together
with R? represent a substituted or non-substituted
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bi val ent cyclic group with ons whereby the two free

val enci es of such a cyclic mtﬂ]ﬂ“l@““ mto a single phosphorus atom
and R represents a bival ent ging group containing froml to 4
atonms in 5 bridge. 6. A process as clained in any one of clains 1
to'5, wherein c%' % (b) of the catalyst systemis a di phostfifere6g3i7e
formula (1) being a symmetric or asymetric 1,5- or 1,4- isoner of

1, 2-bi s(cycl ooctyl ene- 10 phosphi no) et hapel®r-a m xture. 7. A process

as clainmed in any 0@1\5&1&4@'&1&& gt%f: rrrt(ﬂ %tt Ii%a%@ﬁ”&uﬁ& Qﬁbﬁbyﬁﬁereby

systemis in the ran of 10 err e cation, per
olefin. 8. A process | ﬁ‘ such; @ cycldc7greup are linked

wherein the liquid o= tmrgdlng]lealpl:ws@ahmim atmﬁdam Ratbpﬂﬁgaﬁtsnasbivamént
ciripping reastor. ot VRS Gl Tontaihiiy E3bh £1e8 1 blofle i g
20 gas Ps used the thxridaere stream of vapour, conprising ole- fin and
carbon nonoxide, i.e. Werdebs as claimed in any one of claims 1 to 5,
wherein component (b) of the catalyst system is a
diphosphines of formula (I) being a symmetric or
asymmetric 1,5- or 1,4- isomer of 1,2-bis{cyclococtylene-
10 phosphino) ethane or a mixture.
7. A process as claimed in any one of claims 1 to 6,
wherein the amount of catalyst system is in the range of
10-7 to 10-1 mole cation per mole of olefin.
8. A process as claimed in any one of claims 1 to 7,

15 wherein the liquid carbonylation product is used as
carbonylation solvent.

9. A process as claimed in any one of claims 1 to 8,
- carried out in a stripping reactor.
10. A process as claimed in claim 9, wherein a stripping
20 gas is used to form the stream of vapour, comprising ole-
fin and carbon monoxide, i.e., the feed.



