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G oup Vilogtals are iron, balt Ium dium pa
iridium andEx;m\p?Js' df ébthpounds of Group Vil metals include salts, for example salts of nitric acid; sulphuric
45 acid; sulphonic acids, for example an alkylsulphonic acid; carboxylic acids such as alkane carboxylic acids
having not more than 12 carbon atoms, e.g. acetic acid; and hydrohalic acids. Since halide ions can be
corrosive, salts of hydrohalic acids are not preferred. Other examples of compounds of Group VIl metals
include complexes, such as complexes with acetylacetonate, phosphines and/or carbon monoxide. For
exampie the compound of a Group VIlI metal may be palladium acetylacetonate, tetrakis-triphenyl-
s0 phosphinepalladium,
bis-tri-o-tolylphosphinepalladium acetate,
bis-diphenyl-2-pyridylphosphinepalladium acetate,
tetrakis-diphenyl-2-pyridylphosphinepaliadium,
bis-di-o-tolylpyridylphosphinepalladium acetate, or
s5 Dbis-diphenylpyridylphosphinepalladium sulphate.
The catalyst system used in the process according to the invention further comprises a source of a
phosphine having an aromatic substituent which contains an imino nitrogen atom. The source of a
phosphine is conveniently the phosphine itself, or an acid addition salt of the phosphine.
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The catal yst system according to the invention preferably conprises a
source of a palladiymcom pound. Exanples of conpounds of Goup Vil netals
include salts, for exanple salts oEPGi441i447 B&i d; sul phuric 46 acid;

sul phoni ¢ acids, for exanple an al kyl sul phoni ¢ acid; carboxylic acids such
as al kane carboxylic acids having not npre than 12 carbon atons, e.g.
acetic aci d: AsHpdheEinote tere EEE’Pdi‘Eﬁ Fee' eans é'"PQ?H?m@a‘W“‘S'é“@d?er’B@?%@?d in
salts of PRkl frmyiaiofibe arprmatic spbstituent eqniaiotpo ey teforaya nh| es of conmpounds of
G oup Vil netals include conpl exes, such as conpl exes with acetyl acet onat e,
phosphi nes and/ or carbon nonoxi de. For Qx;rﬁpl e the conpound of a Goup Vil
met@al - may. be pal | adi um acetyl acet onate, Betrakis-triphenyl- 50

phosphi nepal | adi um bis-tri-o-tolyl phosphi nepal | adi um acet at e,

bi s-di pheny: oampi! it fY LBRARRILAERR s AHEYTbRGS 8 sfuctural formula of the aromatic substituent

t et raki s- dgphenyl - 2- pyri dyl phosphi nepal 'l adi um

bi s-di - grtol yl pyri dyl phosphi nepal | adi um acetate, or 55

bi s- di phenyl pyri dyl phosphi nepal | adi um gul phate. The catal yst system used in
t he process according to the inventi conprises a source of a
phosphi ne having an aromatic substitu whi ch contains an imno nitrogen
atom The source of a phosphine is conVeniently the phosphine itself, or an
acid adaéition salt of the phosphine. 2 EP 0 441 447 Bl As used herein,

t he term "i nithrophesrhing greaferablycremprinesiare ¢f twe phosriewys alomen Eaplt ehesnbaiss Blem has three
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Each phosphorus atom has three_gubstituents. At |east one of these
substituents is an aromatic s I tuent which j?ns an imno nitrogen

atom The rennining substitue are preferably wected fromoptionally
substityted aliphatic and aronati h%/cgro %Elby' roups. Wen the phosphi ne
conprises nore than one phosphoru B z‘f"fz 2T5\possi ble for one # 20

substituent to be shared by nuo han one phosph atom as for exanple

in 25 \ P- CH2 CH& P 30 The aronmatic
substituent which contains an no nitrogen is pré&ierably a 6-nenbered
ring comtaining one, two or three nitrogen atons. The aromatic substituent
may itself bEheogématio albsituentiBisich donthieslan ii¥nemit@genLi® piefotabiy rat6-mamisead ding conkathing
opt i onal | yons,Lites brithred widbgematorhs. Thespergatic substitientmaylitsiteoptidnallyesdbstiutedr wi se t he
When a substituent is said to be optionally substituted in this specification, unless stated otherwise the
substituent may be unsubstituted or substituted by one or more substituents. Examples of suitable
35 substituents include halogen atoms; alkyl groups; alkoxy groups; haloalkyl groups; haloalkoxy groups; acyl
groups; acyloxy groups; amino groups, preferably alkyl or dialkylamino groups; hydroxy groups; nitrile
groups; arylamino groups; and aromatic hydrocarbyl groups.
. An aliphatic hydrocarbyl group is preferably an alkyl group, for example a Ci-4+ alkyl group; or a
s cycloalkyl group, for example a Ca—¢ cycloalkyl group.
40 An aromatic hydrocarbyl group is preferably a phenyl group.
A halogen atom, as such or in a haloalkyl group, is preferably a fluorine, chiorine or bromine atom.
. An acyl group in an acyl, acyloxy or acylamino group is preferably a Cz2-s alkanoyl group such as
acetyl.
Examples of aromatic substituents containing an imino nitrogen atom are pyridyl, pyrazinyl, quinolyl,
45 isoquinolyl, pyrimidinyl, pyridazinyl, cinnolinyl, triazinyl, quinoxalinyl, and quinazolinyl. Preferred sub-
stituents are pyridyl and pyrimidyl. :
An imino group in an aromatic substituent containing an imino nitrogen atom is preferably connected to
a phosphorus atom through a single bridging carbon atom. For example, if the aromatic substituent is a
pyridyl group, it is preferably connected through the carbon atom at the 2-position in the pyridyl group.
50 Accordingly, examples of preferred aromatic substituents containing an imino nitrogen atom are 2-pyridyl;
2-pyrazinyl; 2-quinolyl; 1-isoquinolyl; 3-isoquinolyl; 2-pyrimidinyl; 3-pyridazinyl; 3-cinnolinyl; 2-triazinyl; 2-
quinoxalinyl; and 2-quinazolinyl. 2-Pyridyl and 2-pyrimidyl are particularly preferred.
When the phosphine contains one phosphorus atom, it may conveniently be represented by the general
formula
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substituent nmay be unsubstituted or substituted by one or nore
substituents. Exanpl,es of suitable 35 substituents include hal ogen atons;
al kyl groups; al koxy groups; hal &R &441 #7@BfIps; hal oal koxy groups; acyl
groups; acyl oxy groups; am no groups, preferably alkyl or dialkylamno
groups; hydroxy groups; ni tr| | e groups; arylam no groups; and aromatic
hydr ocar byl groups. An ali t| ¢ hydrocarbyl group is preferably an al kyl
group, for exanple a Cl1 -4 FI kyl group; or a cycloal kyl group, for exanple
a C8-r cycl oal kyl group. fo An aronatic hydrocarbyl group is preferably
a phenyl group. A hal ogeR at-@rn as such or in a hal o) cyl group, is
pre{erably a fluorine, chlorine or brom ne atom An acyl group in an acyl,

acyl’exy ww@&y#argarssgmg af? dmbte Bﬁ&ﬁﬁt%bwmﬁg §Pirmno HIBHOMbm, S WP 283 whieh
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Pr ef er r edisphdbvi-(2sdytidygtidkghing) € pyri dyI and pyrim dyI An imno group in an
ar omat i c bis@pgiidyphesdphasphitedi Ni Ng an imMno nitrogen atomis preferably
connect etlisReyddyfhospbinar us at om t hrough a single bridging carbon atom For
exanpl e, dipfenyltbanahomyr@pyridylphdsshine uent is a pyridyl group, it is preferably
conneot edis@lethouowitiphoayiphosphisom at the 2-position in the pyridyl group.
50  Accopirebiprg-2-pusicyipeasiphesphing.ef er red aromati c substituents containing an
i mi no ni Pis@hemoRrryrdviphenyiehgsphingly | . 2- pyrazinyl; 2-quinolyl; 1-isoquinolyl;

3-i soqui HB@ othyb2- ’FY')H? | 3 pyr| dazinyl: 3-cinnolinyl: 2-triazinyl: 2-
qu1 noxal '|"""]t ‘?h 2-Pyridyl and 2-pyrimdyl are

"V " ’ phosphi ne contains one phosphorus atom it
may conv ' P‘#. e p %Fﬁg'au Ry the general fornula 55 3 EP 0 441 447
Bl R 2 n_bu |_2_ n Iphos hine, (I') 5in which RL represents
an ar onaf econt aining an imno nitrogen atom and R2 and R3,
whi ch 2gra)4, Iﬂrﬁsdﬂfngfer ent, represent a group R1 or an optionally
SUbStItUthy|qéd. QJp dﬁbhoaﬁrmﬁﬁtl o hydr ocar byl group. 10 Exanpl es of

phosphi Ngputpf4netidiyph ¥dphife/ kadohosphi ne,

bi s(2- pyhbﬂtafd)(@maM’pﬁﬂ}ﬂﬁ |dﬁnerm tpl’l s(2-pyridyl) phosphi ne, _
di phenyl ( 6-vwreh hﬁé(}thc@prﬁmrctodwhs) pooptpbhoRs afofs, it may conveniently be represented by the
bi s( 6-set bemesat Brvpilar i dyl ) phenyl phosphi ne,

bi s(6-chl oro-2-pyridyl) phenyl phosphi ne,

bi s( B- br ono- 2- pyrd'adyl ) phenyl pRbsphi ne,

\ /
P—X—FP (1D)

/ \

r® R’

35

in which at least one of R*, R®, R® and R represents an aromatic substituent containing an imino nitrogen
atom, the remainder of R*, R5, R® and R’ independently represent an optionally substituted hydrocarbyl or
heterocyclic group, and X represents a divalent bridging group containing from 1 to 10 atoms in the bridge.
The bridging group represented by X is preferably a hydrocarbon, an ether or a thio-ether residue. For
45 example, the bridging group may be an alkylene chain which is optionally interrupted by one or more
oxygen and/or sulphur atoms, as in: '

50

56



T 2
tris(6-nmethyl-2-pyridyl)phosphine, bis(6-nethyl-2-pyridyl)phenyl phosphine,
20 bi sphenyl (6-net hyl - 2- pyri dyl ) phosphi ne,
bi s(3- et hyl - 2- pyri dyl ) phenyl phospEP 0ei41 447 B1
bi sphenyl (4, 6-di net hyl - 2- pyri dyl ) phosphi ne, di (n-butyl)-2-pyridyl phosphi ne,
di met hyl - 2- pyri dyl phosphi ne, 26 nethyl phenyl-2-pyridyl phosphi ne, n-butyl
tert-butyl 2-pyridyl phosphine,
n- but yl ( 4- met H% 'phenyl)(2 pyrlﬁ’%%ﬂmnne and rnet hyl CH3
di ( 2- pyrldy|)phﬂ?ﬁ§l Wien t khed CHg- cont ai ns two Eﬁgspﬁcrdﬁzatons

¢ &?Z’he

it may conveni Be represen&g cﬁqn%eneral formul a
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R6 and R7 repngﬁegﬁp an aronatLgHsypggguxg ¢€ApL ai ning an imno nitrogen
atom the renalnéer of R4, R5, R- aﬁgﬂ gga dently represent an
dete

optionajl y sub§ gﬁﬂﬁﬁgglhydrocarbyl clic group, and X represents
a dival ent bridging group contabﬂt_gﬁﬁro __;%{atons in the bridge. The
bridgi ng group represented by X'1'3 ef erabl’y a hydrocarbon, an ether or a
t hi o-ether residue. For 46 exanple, the bridging group may be an al kyl ene

chai n whi ch tmappiso eEn@dilbne residuerasinpt ed by one or nore oxygen and/or sul phur

atons, @ in: 60 56 4 EP O 441 447 Bl -CH - -CH CH OCcH
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CH CH 3

The bridging group preferably contains from 2 to 8 atoms in the bridge, more preferably from 3 to 5
atoms. For example, when the bridging group is a propane residue, the bridge contains 3 atoms.

25 Particularly high reaction rates have been obtained using organic diphosphines of general formula (ll} in
which X represents a dialkyl ether residue. Accordingly, the use of such compounds is preferred in the
process according to the invention.

The remainder of R*, R®, R® and R’ are preferably optionally substituted alkyl or optionally substituted
phenyl groups. Most preferably they are optionally substituted phenyl groups.

30 Examples of organic diphosphines which may be used in the process according to the invention are:
bis[(2-pyridyl)phenylphosphinolmethans,
1,2-bis[{2-pyridyl)phenylphosphinojethane,
1,3-bis[(2-pyridyl)phenylphosphino]propane,
1,5-bis[(2-pyridyl)phenylphosphino}-3-oxapentane,

35 1,8-bis[(2-pyridyl)phenyiphosphino}-3,6-dioxaoctane,
1,3-bis[(2-pyridyl)butylphosphino]propane, and
1,3-bis[di-(2-pyridyl)phosphino]propane.

o Phosphines having an aromatic substituent containing an imino nitrogen atom are known compounds.
St They may conveniently be prepared by reacting a halophosphine or an alkali metal phosphide with an

40 appropriate halo or alkali metal derivative of an aromatic compound containing an imino nitrogen atom. For
example, diphenyl(8-methyl-2-pyridyl)phosphine may be prepared by reacting chlorodiphenylphosphine with
2-litho-6-methylpyridine.

Organic diphosphines having at least one aromatic substituent containing an imino nitrogen atom may
be prepared, for example, according to the methods described in European patent application publication

45 number EP-A2-0305012. Thus, for example, they may be prepared by reacting an appropriate alkali metal
phosphide with an appropriate dihalo compound.

The catalyst system used in the process according to the invention further comprises a source of
protons. Conveniently the source of protons will be a protonic acid. However, the source of protons may be
a compound which generates protons in situ. Preferably the source of protons is an alkylsulphonic acid, in

s0 which case it will also serve as a source of alkylsulphonate anions.

The source of an alkylsulphonate anion is preferably an alkylsulphonic acid, in which case it will also
serve as a source of protons.

The alkyl group in the alkylsulphonate anion may be straight or branched, and preferably has from 1 to
10, more proferably from 1 to 8, especially from 1 to 4 carbon atoms. Examples of unsubstituted alkyl

56 groups are msthyl, ethyl, 1-propyi, 2-propyl, 1-butyl, 2-butyl, 2-methyl-1-propyl, 2-methyl-2-propyl(tertiary
butyl), 1-pentyl, 1-hexyl, 1-heptyl, 1-octyl and 1-nonyl.

Qur co-pending British patent application number 8002508.1 discloses and claims:
a catalyst system, which comprises
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- CH2CH-O-CHCH 2 It may also be a silane residue, as in 16 CH3
-CH2-Si--CH2 - E 20 . i CH3
The bridgi ng group preferabl'y conERiOM41144DB12 to 8 atons in the bridge,
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1, 8- bi s[ (2-pyridyl)phen hi noj - 3, 6- di oxaoct ane,

1, 3-bi s[(2-pyridyl)butyl phosphy no] propane, and 1
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exanpl e,  t he\oul@ypehdingHrREHs Aaxncateﬁ%mswsﬁbasoawsaeéebaﬁ idihdsal 1 metal

phosphi de- Mﬂhhm@ﬁﬂaﬁﬂmﬁﬂW&ﬁ%ﬂpﬂ$Qa o conpound. The cata yst system used in
t he process aaGaup Villgnetad cdrpduridnangnt i on further conprises a source of

pr ot ons. Corb)eimoasphbsphibeef fsduls ce of protons will be a protonic acid.
However, the source of protons may be a conpound which generates protons in
situ. Preferably the $ource of protons is an al kyl sul phonic acid, in 50

which case it wll so serve as a source of al kyl sul phonate ani ons. The
source of an alk¥2 ate anion is preferably an al kyl sul ph¢lli ¢ acid, in
which case it w So serve as a source of protons. The al kyl group in

the al®kyls IP at e anlon may be strai ght or branched, and preferably has
from1 to 1 °'rh§ ¢ p'Bh l‘ﬂ 'cf'WB'H?aibVi @1’°¥P Re?ﬁ@é?"&l an\opfigngliy, substityted agamation

atons. Exal fyat 1%@9 ew{n ay fehgart of an
1- Q,ODW lon snfstl j:;%? b((:om%n or f to ,P%n o mzamng of R! or
i
2- met Wl - 2caﬂ)'6 ngﬁ HISE/)A n’oléf dé%y u satura d com urid IIR?EPS/ Fn If LB%WPe and

1- nonyl The catalyst system used in the process according to the invention may be homogeneous or
heterogeneous. Preferably it is homogeneous.

The catalyst system according to the invention is constituted in a liquid phase. The liquid phase may
conveniently be formed by one or more of the reactants with which the catalyst system is to be used.

45 Alternatively, it may be formed by a solvent. It may also be formed by one of the components of the
catalyst system.

The catalyst system according to the invention may be generated by any convenient method. Thus it
may be prepared by combining a Group VIl metal compound, the phosphine and, if appropriate, an
alkylsulphonic acid, in a liquid phase. Alternatively, it may be prepared by combining a Group VIII metal

s0 compound and an acid addition salt of the phosphine with an alkylsulphonic acid in a liquid phase.
Alternatively, it may be prepared by combining a Group Vill metal compound which is a complex of a
Group VIII metal with the phosphine and an alkylsulphonic acid, in a liquid phase.

The ratio of the number of moles of phosphine per gram atom of Group Vill metal is not critical.
Preferably it is in the range of from 1 to 1000, more preferably from 2 to 500, especially from 10 to 100.

55 The ratio of the number of moles of phosphine per mole of protons is not critical. Preferably it is in the
range of from 0.05 to 50, more preferably from 0.1 to 10, especially from 0.5 to 5. When the catalyst
system is t0 be used to carbonylate an acetylenically unsaturated compound in the presence of an
allenically unsaturated compound, preferably the number of moles of phosphine per mole of protons is at
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Qur co-pending British patent application nunber 9002508.1 di scl oses and
clains: a catalyst system which conprises 5 EP 0 441 447 Bl a) a source
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Al t er nat i veldya sdufce 3Bah d§isiishongstanity. @ sol vent. |t may al so be fornmed by one
of the conpomgbcstyieiicaiyné olefinically unsaturated compound is preferably an asymmetric acetylene or olefin,

30 most preferably an alpha acetylene or olefin.

An olefinically unsaturated compound is preferably a substituted or unsubstituted alkene or cycloalkene
having from 2 to 30, preferably from 3 to 20 carbon atoms per molecule.

An acetylenically unsaturated compound is preferably a substituted or unsubstituted alkyne having from
2 to 20, especiaily from 3 to 10 carbon atoms per molecule.

35 The acetylenically or olefinically unsaturated compound may contain one or more acetylenic or olefinic
bonds, for example one, two or three acetylenic or olefinic bonds, provided that no two olefinic bonds are
adjacent and binding the same carbon atom.

S An olefin or acetylene may be substituted by, for example, a halogen atom, a cyano group, an acyl
St group such as acetlyl, an acyloxy group such as acetoxy, an amino group such as dialkylamino, an alkoxy

40 group such as methoxy, a haloalkkyl group such as trifluoromethyl, a haloalkoxy group such as
trifluoromethoxy, an amido group such as acetamido, or a hydroxy group. Some of these groups may take
part in the reaction, depending upon the precise reaction conditions. For example, lactones may be
obtained by carbonylating certain acetylenically unsaturated alcohols, for example 3-butyn-1-ol, 4-pentyn-1-
ol or 3-pentyn-1-ol. Thus 3-butyn-1-0l may be converted into a-methylene-y-butyrolactons.

45 Examples of alkynes are: ethyne, propyne, phenylacetylens, 1-butyns, 2-butyne, 1-pentyne, 1-hexyne,
1-heptyne, 1-octyne, 2-octyne, 4-octyne, 1,7-octadiyne, 5-methyl-3-heptyne, 4-propyl-2-pentyne, 1-nonyne,
benzylethyne and cyclohexylsthyne.

Examples of alkenes are: ethene, propene, phenylsthene, 1-butene, 2-butene, 1-pentens, 1-hexene, 1-
heptene, 1-octens, 2-octene, 4-octene, cyclohexene and norbornadiene.

50 The acetylenically or olefinically unsaturated compound can be both an acstylene and an olefin, for
example as in 3-methyl-but-3-ene-2-yne.

The unsaturated compound may be carbonylated alone or in the presence of other reactants, for
example, hydrogen or a nucleophilic compound having a removable hydrogen atom. An example of a
nucleophilic compound having a removable hydrogen atom is a hydroxyl-containing compound.

55 A hydroxyl-containing compound is preferably an alcohol, water or a carboxylic acid.

Any alcohol used may be aliphatic, cycloaliphatic or aromatic and may carry one or more substituents.
The alcohol preferably comprises up to 20 carbon atoms per molecule. It may be, for example, an alkanol,
a cycloalkanol or a phenol. One or more hydroxyl groups may be present, in which case several products
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conpound V\/'rﬁehprﬁébl’sb%boma%'tﬁtembé?ituénhﬁ ﬂ?éf&&ﬁﬂ@l%c@& afa Gdsalry 9t &Y St 80 bar.
conpri Simigssures higher than 100 bar may be used, but are generally economically unattractive on account of
45 special apparatus requirements.
The molar ratio of the hydroxyl-containing compound to the acetylenically unsaturated hydrocarbon
may vary between wide limits and generally lies within the range of 0.01:1 to 100:1.
The quantity of the Group VIl metal is not critical. Preferably, quantities are used within the range of
1077 to 10~ gram atom Group VIl metal per mol of acetylenically unsaturated compound.

50 Catalyst systems according to the invention have been found to perform particularly well in the
*  carbonylation of acetylenically unsaturated compounds in the presence of allenically unsaturated com-
pounds.

When present, the allenically unsaturated compound is preferably present in an amount in the range of

from 0.003 io 10 moles per mole of acetylenicaily unsaturated compound, more preferably from 0.01 to 5.
55 The carbon monoxide required for the process according to the present invention may be used in a
practically pure form or diluted with-an inert gas, for example nitrogen. The presence of more than small
quantities of hydrogen in the gas stream is undesirable on account of the hydrogenation of the unsaturated
hydrocarbon which may occur under the reaction conditions. In general, it is preferred that the quantity of
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Preparation 5

45 Preparation of diphenyl-(4,6-dimethyl-2-pyridyl)-phosphine

_This compound was prepared as described in Preparation 1, but using 10.8 g 2-bromo-4,6-dimethyl-
pyridine instead of the 2-bromo-8-methylipyridine. It was characterized by 3P NMR: &, = -5.6 ppm.

50 Preparation 6

Preparation of diphenyl-(6-methoxy-2-pyridyl)-phosphine

2.7 g Sodium was added to 100 ml liquid ammonia at -80 °C, and then 15.2 g triphenylphosphine was

55 added in 6 portions with stirring. The solution was slowly warmed to -40 °C, kept at that temperature for 30
min, and then cooled again to -80 *C. Then, 3.1 g ammonium chloride was added to the stirred solution,
followed by 10.9 g 2-bromo-6-methoxypyridine in three portions. The cooling bath was removed and the
ammonia was allowed to evaporate. The residue was worked up with water/dichloromethane as described in
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All manipulations were carried out in an inert atmosphere (nitrogen or argon). Solvents were dried and

distilled prior to use. 18 ml of a 1.6M n-butyllithium solution in hexane was added to 30 mi diethyl ether,

and the mixture was cooled to -40 *C. To the stirred mixture was added in the course of 20 minutes a

55 solution of 4.6 g 2-bromopyridine in 15 ml diethyl ether; during this addition, the temperature was kept at
-40 °C. After the addition, the temperature was raised to -5 *C, kept there for 5 minutes, and then lowsred
again to -40 °C. The resulting solution was added to a cooled (-40 °C) solution of 7.8 g 4-methoxyphenyl-
bis(2-pyridyl)phosphinein 30 ml THF. The mixture was warmed to room temperature. After stirring for 10

10



Pressures higher than 100 bar may be used, but are generally economically
unattractive on account of 45 special apparatus requirenents. The nol ar
ratio of the hydroxyl*-containing cERpeMnddzBit he acetylenically unsaturated
hydr ocarbon may vary between wide limts and generally lies within the
range of 0.01:1 to 100:1. The quantity of the Group Vill netal is not
critical . "opueseihg gplvents wareemavpdy vague. V?!/méewmp H'CP'PFQ'“‘P%H’? £551) warp apded, Aﬂ‘ﬁ 1
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I nvent i on pigpéralieh 1ased in a practically pure formor diluted with an inert

gas, for exanple nitrogen. The presence of nore than small quantities of

hydr ogen i megahationgf methiirdéapyrid@)phusplé®i r abl e on account of the hydrogenati on

of the unsaturated hydrocarbon which may occur under the reaction

condi ti ®ns. Ahmgpipuiatins weletcairigd put &f @ inerCatindspbers tmisrogamaon Rigbry. Swived@s were @dedland 4 1
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the t errpercﬂ;,wt@i él(\ﬁ% erat ur e
was raised to -5 kept fhere ?or 5 m nutes, and then Iovvered againto

-40 *C. A mgaidiidnad of 12.8 g chl orodi phenyl phosphi ne in 15 m diethyl ether
was added Tn the course of 15 minutes to the stirred m xture. After the
addi ti o, Frdparationiof UB-BisiSritvbigAshobmhinbPRPanes tenperature, the sol vents were
renoved in vacuo, and 50 mM water and 50 m dichl oronmet hane were added.
After 5 m nuiesi ofa ué golaosebitiont df nbltgilithiurh lren-baxers| vas addat wdtin stirlingyoeer aymsgiod of 10
separ at ed.mifutes tovat selutidnzof @r4 grefsbistpyridydlpieanlylphobhing i 26 Gl telvahydnofurao wiclyhad been

di chl or onesptieshie,-8@ he. Thedemperature efdhd acliommixtirecwastallowsd to Hgedo trdem tewbaraure, and

r enoveddsi 1vag shep soolerhie - &€ solviien ot £.96 g di3dibreseppfopang in 30 mb triralydsefuren wag then
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diethylether. organic liquids we e com and the s ent was remo d un er reduced pressure.

40 NMR analyses showed that the remaining liquid consisted of a 1:2 molar mixture of 1,3-bis[(2-pyridyl)-
butylphosphinoJpropane and 2-phenylpyridine. 1,3-bis[(2-pyridyl)butylphosphino]propane was distilled from
this mixture.

Preparation 14
Preparation of 1,3-bis[di~(2-pyridyl)phosphino]propane

13.2 g of tris(2-pyridyl)phosphine and 0.7 g lithium in 100 ml tetrahydrofuran (THF) were stirred at room

temperature for three days. Then, 5.0 g of 1,3-dibromopropane in 20 ml of THF were added over 15

s0 minutes. After 2 hours under stirring, THF was distilled off, after which water and dichloromethane were

added. The dichloromethane layer was separated and evaporated. The residual product was taken up in a

warm 1:1 mixture of dichloromethane and hexane, from which 10 g of a viscous liquid was isolated. This
was shown to be 95% pure 1,3-bis[di-(2-pyridyl)phosphino]propane by 3P NMR.

55 Example 1

A 300 ml magnetically-stirred stainless steel autoclave was successively filled with 0.025 mmol
palladium(il)acetate, 1 mmol bisphenyl (6-methyl-2-pyridyt) phosphine, 2 mmol 2-methyl-2-propylsulphonic

11



Thi s conmpound was prepared as described in Preparation 1, but using 10.0 g
2- brono- 3-net hyl pyri di ne i nstead of the 2-brono-6-nethyl pyridine. It was
characterized by 31p NMR Ep = - 8EP (h44PBiIparati on 3 30 Preparation of
phenyl - bi s(6- met hyl - 2 pyridyl)-phosphine This conpound was prepared as

descri bed_i ar |on 1, but usin 5 2 phenyi di chl or ophosphi ne i nst ead
of the chf g‘{l é‘gfngg @é ’Hﬁ’g S°"’?'l‘ H’?fg‘éﬁft' é"’l“?g%ﬂ‘eﬁ%‘:;}g dNRﬂV}g%;\“;g t°°'t:’;5 1
35 P Ny 40
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di phenyl - (4, 6- di et hyI 2- pyrl (ﬁ? -p?"los |ne r° ’(1" prepared as
descri bedeiamples £RA53hd Obmphratifd-Exarkisids 0 H0- 8 0 2 br OmD 4, 6- dI rret hyl pyri dine
i nstead of the Z-bronp-6-nmethylpyridine. It was charact erirzed by 31P NWR

Sp = -% 6 pphe mewod sfeExamplé it vas %pgﬁéﬂﬂ%rngtdiﬂw‘hgfhﬁlds solvents and phosphines, and differing
di pheny!| - nfounte bietiens-ithe piopyiiy| The paaIB R sd@mdrizéd @ TeBisli.uM was added to 100
| i qui d anmmoiTheareadits -d8foristrate shatlcdtdnansybloma cgmprising an AKYIEMHEKRIY difon ViresS substariaiye d
in 6 portingasaciivetthenstalalyst sygtemd leemising tothemanidas, isdhaling \paksaslisacsulphonatd and bon-
kept at t4enerhesphqnete anignse Thepres@t alsp domansichtet thetrthe axtivity (bf shgdatalystds reBlked @s thBhen,
g #Hmalenenentemiobihe eiopyne és innreseat, and thah thisgeductios df Ztiity imiap he lifieH by seettidgyan10. 9
g 2 br omoRde e a3 EpthvianTiglidope, or MiN-dimethlacetanvivle as Taactiop soivenhandionbhingreesing ¢heov ed
and the a3 ofRiesPhine Aasid- t o evaporate. The residue was worked up with
wat er / di chl or onmet hane as described in 9 EP O 441 447 Bl Preparation 1.
Cr stal I i zation from hexane afforded 7 g of a sonewhat inpure product
(charact erized by 31p NMR Sp = -4.4 ppm) which was used as such in the
foll ow ng Exanples. Preparation 7 - 5 "w @ Preparati on of
di (n-butyl)-2-pyridyl phosphine To a magnetically stirred solution of 2.5 g
phenyl (2-pyridyl)2P in 20 nol tetrahydrofuran, cooled to -80 I C was added
in thegcourse of 10 mn 5.9 mM of a 1.6 Msolution of n-butylLi in hexane.
The resulting deep- io red solution was allowed to warmto room
tenperature, and analysis of the solution by 31p NVR showed it to contain
t he phosphide (n-butyl)(2-pyridyl)PLi as the only phosphorus-contai ni ng
conmpound (Sp = -16.3 ppn). The solution was cooled to -40 *C and a sol ution
of 1.3seg 1-bronobutane in 10 m tetrahydrofuran was added. The m xture was
again warned to roomtenperature, the solvents were renoved in vacuo, and
25 15 mM of diethylether and 10 mM of water were added. After 10 m n of
stirring, the organic |ayer was separated
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and the water

| ayer was extracted with 10 m of ether.
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vacuo. The residue was distilled, giving 4.7'g (60% of

(n-butyl) (4- met hoxyphenyl) (2- pyri dyl ) phosphine as a a vyellow sh |iquid.
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warm 1:1 m xture of dichloronethane and hexane, fromwhich 10 g of a
viscous liquid was isolated. This was shown to be 95% pure

1, 3- bi s[ di - (2- pyri dyl ) phosphi no] pr o2 044b¥48BP NVR. 55 Exanple 1 A 300 ni
magneti cal l y-stirred stainless steel autoclave was successively filled with
0.025 mml palladiun(ll)acetate, 1 muol bisphenyl (6-rmethyl-2-pyridyl)
phosphi ne, 2 mmol 2-yet hyl - 2- propyl sul phoni c EP O 441 447 Bl acid, 30 m
N- net hyl pyrrolido@ s sdl vent apd 30 mj} nmethanpl. Air |was then evacuated
fromthe autoclaves gng tthen 30 propyne conthining (. 2% al | ene was
added. Carbon nondki He€wds 4 hen upe of [60 bar. The

autdeel ave was t herg sgaked @&hd he aBure ¢f 60 * C. After a
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the analysis the Selgctiyjity to thyl mgt hacryl pte was |cal cul ated to be
SwoJ 199. 95% and the rfean conpersionjrate wap cal cullated to be 100, 000
mol propyne/ gram at om ®d/fhour . anples |2 to 15} and Conparative Exanples A
to H 10 The net hod,off Exanplp 1 was [repeated using|differing acids,

sol vents and phosphi nef, {agg di ffeli ng anounts pf,allene in the propyne.
The results are sumrarﬁzed:}n Tapl® 1. Therresul t® denmgnstrate that
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65 Example 16

A 300 ml magnetically-stirred stainless steel autoclave was successively filled with 0.025 mmol
palladium(li)acetate, 1 mmol bisphenyl (6-methyl-2-pyridyl) phosphine, 2 mmol methylsulphonic acid, 30 mi
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1. A carbonylation catalyst system, which comprises:
a) a source of a Group VIl metal;
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c) eine Quelle fir Protonen; und 22 *C L M Sd)m'm
ein Al kyl sul fonatanion. 2. Ein Katal ysatorsystem we i n u L’
beansprucht, in vwelchem das MetaEP Ol 4@r8ppe Vill Palladiumis

Kat al ysatorsystemwi e in Anspruch 1 oder 2 beansprucht, in wel chem ei ne -
| m nogruppe in einemaromati schen Substituenten, der ein

| mi nosti cksto g%?ggﬁ? pﬁ%ﬁpf""e RRvipg. o ompatie pybstitypatCopfaitipg #HRIMA MivReSN GloM:  at om
mt ei nem Pho den ist. 10 4. En Katalysatorsystemwe in
Anspruch 3 begr?ssf)"r"ﬁe a"al ‘ﬂsugg a@z?g'mbhosphl n ein 2-Pyridyl-, 2-pyrinidyl-

d
Q0o 2T ARl S b
Kohl'enst of f &t QEFysP4EMR! 3t clainted R claErll H Jﬁ%t Al W dﬂt% g?cfr uamq%lcns%

Anspr Uche 1 céhitdhning dASAIAS Rirdgent atond t},l dCt &P § pro
G ammat om dgﬁml\/ént@al | s der uppe Vil rBBere von HE@@I S " @94) %"

Anzahl 1ean Mol en Phosphin pro Mol Protonen I mBereich von 0,05 bis 50 |isgt
und di e Anzahdatalyst dyelemasAlldinyddSitl | clai 8f MNWHRA the Phofhine RS @t DAy, élbﬁﬁﬁd‘?i &he-von
0,5 bis 50 kiagimlphosptine. 20 7. Ein Katal ysatorsystemw e in einem der
AnsprGche 1 bis 6 beansprucht, welches weiterhin ein tertiares Arin als

Pr onot or RunfAzhtalyst 8ystedi @ cldimegddmaiy oge Sichies 1ad.dh whictt the alkysuipRate WAieh Has from 1

| r gend®i nenf°cﬁeqa"bAh§tmeche 1 bis 7 definiert, in 25 ei nem Verfahren zur
Car bonyl i er ung ei ner acetyl eni sch oder ol efl ni sch ungeslittigten

Ver bi ndurfy. Agatalgst ﬁvw fstkiraed i gny qoaohel#ips i & 9 imywhichihe numbet of [mwies Stphosuhiae

ol efi ni sch E?T%%hﬁ’? %’ﬂ“‘\)ém peRE ﬁqhe @pge-pd frons @/iei509the pymboref malss ohpHosthing e n
eiger acetyP¥ iHind ?'ﬁ‘f‘%ecﬂ Hs@ftf’ £0.Ang the\numberof melgs of ekvicylphaspte
monoxi d in &Y é’ﬁ(/\ﬁ?'? %@é’%tamg%?f" BPSRAE, unfassend: 30 a) eine

@) el
&) nem ar dfval '°5*a'2ﬁ%‘s?%"b%ﬁ B o5t ot 1 o ok e compr e e 2 )

eine Quelle I'#:'Ur Protonen; und d) eine Quelle flr ein Al kylsul fonatanion. 88

10. Eig ‘der 118 Br \bafanysisy80m RE WSilePin Qﬁ@ Ry thGi 1 Zin éxr & ongthg' rbon {ation
nukl eophi | eor¥R bibyiieas o%l&ﬂnﬁbl@%ﬁ&aﬁu &ﬁﬁﬁ@“n\’\gsser \&e % on a ern
Reakti onstei | nehner vorliegt. K> Ein Verfahren wie in Anspruch 10
beanspr u@ht A prdtesselot e nearbioRyidlibi lof e f&bétﬁen}éelfybbrndéﬂﬂﬂalﬁ | uRSatdatell edound? Which
hal ti'ge Vermpdsss gpattil an E&tyldiicﬁlly‘éebléﬁhﬁll@rhnyﬂu&tédhoﬁlbtﬁlﬁméarbﬁﬂ %ﬁ&ﬁaﬁh e DI
11 beamspr uwbsendervf aedtaysespsBmeompisgr at ur i m

a) a source of a Group VIII metal;

b) a source of a phosphine having an aromatic substituent containing an imino nitrogen atom;

c) a source of protons; and

d) a source of an alkylsulphonate anion.

10. A process as claimed in claim 9, in which a nucleophilic compound having a removable hydrogen atom
is present as a reactant.

K-/' 11. A process as claimed in claim 10, in which the nucleophilic compound is a hydroxyl-containing
40 compound.

12. A process as claimed in any one of claims 9 to 11 in which the temperature is in the range of from 20
to 100 *C, and the pressure is in the range of from 1 to 70 bar.

45 13. A process as claimed in any one of claims 9 to 12, in which the aoetylemcally unsaturated compound is
an alpha-alkyne having from 2 to 10 carbon atoms. .

14. A process as claimed in any one of claims 9 to 13, in which an allenically unsaturated compound is

present in a molar ratio of allenically unsaturated compound to acetylenically unsaturated compound in
50 the range of from 0.003 to 10:1.

Patentanspriiche

1.  Ein Carbonylierungskatalysatorsystem, umfassend:
65 a) eine Quelle flir ein Metall der Gruppe VIil;

b) eine Quelle fiir ein Phosphin mit einem aromatischen Substituenten, der ein Iminostickstoffatom
enthilt;

c) eine Queslle fiir Protonen; und
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dBefeitch von 20 bis 100 I C und der Druck imBereich von 1 bis 70 bar Tiegt.
45 11. Ein Verfahren we in einem der AnsprUche 9 bi ﬁmmﬁ ” I n
wel chem di e acetyl eni'sch ungeslitti GP® 4424487 Bdung ein a ﬂwﬂmﬂ "lbi S
10 Kohl snstoffatonen ist. 14. Ein Verfahren w e in einem der "Andpr &che 9
bis 13 beansprucht, in welchem eine allenisch ungesattig- te Verbindung in
ei nem nol ar en VSR Quelgifl appovisyliopaianiopy, | ngesittfgter Verbindung zu

acetyl eni sgh _50 ungeslttiqgter Verhi ndung im Bereich vopn 0 Q03_.bis 1
vori Legi. Foff g i Bfpeiid BTty Sost, ofsanes) dgnorad St
qui-- conpr end: - a) une source d'un mtal du groupe VIil; b) une
squrce d' upe epNAsRRIGS RIS inhssrithSt bdeH 8 BEanGlrSAE i WikRer BInb FIRIRuRH"In HinBAE

dazote de LRSI iuEHen BG o AMin6BcKdB idtindbiAR, durch bineziges Brlick iéhdtoft-

A7BIN [* 11T lagom| it dinehn BHosphbrattth vitBghdsPistt ce d' un ani on al coyl'sul fonate. 2. Un
systene catal ytique selon |la revendication 1, dans | oquel e n6tal du

groupe Y |4 eEmtKalafysficrsystinviglin Absprugh 3 beanspiiche Riem alasiPhobphiiliin SRYriayl-, R-pyrimidyl-
revendi cat i oldet 2caviazihylphtapisn kiequel un groupe im no dans un substituant
aromat i que contenant un atone d'azote de groupe inmno est relie a un atone
de phosphos. e Epifatalysatgrsysiomatioin®ing desrspriiehe f1chisvhbdangpaught, in Avelckam dap Akplisuifonat-
cat al yti que seidrohbi$ 8 Kehdepetpitkicowtapiweist3, dans | equel | a phosphi ne est une
2-pyridy, 2- 10 pyrimdyl ou 2-triazinyl phosphine. 5. Un systene

cat al yti que &8l Katplysaterpestegiuwip dm pieie dereAnspridahe dbit & bpasserucht, & wolchempdie Aazghlean

| * ani on al coMoen|Ahesrbip Pro; Gipmmatom dps Melalip derg@rupper Yilh jra Bereich vgn 2, his §Q£s't°&ﬁ’r§'°
catal yti que &8faBian|Mojep & h%f&@!‘ P8 Mp, Erofgren i Boroieh ivers(.95iss504liegt ugd dig Apzaht sa Mplan |
noﬁn%re de mo PEsgsulfenalanion iR MetPrpigen ip Geralcyyor ApeisR? "A®t al du gr oupe éﬁ” est
compris®enjre, 00.. le. nonbre de noles. de phosphi.ne r I le . pr.ot ons
est conpri’s %ﬂ;%gﬁfﬁﬁt% f‘;’%‘i‘)m &ret gernAd' ﬁ%écgeég'srm eg"ssgr °h§irﬁegﬁesawr£§%§ Y65t e
par nol e de protons eSt conpris entre 0,5 et 50. K 20 7. Un systene
catal yti qug o) WiwdnathaCoirbd aRBAS SRS WiE YERIhdeHoinOdL? Aspiche 1B 7 GOHHBRERC
en outr g UNe ikt Werahish bir DafbbnyheMRgTeinel £28MibMdth ode? olefiniseh hrlgb&ﬁgteﬁ NeindlAgSyst f me
catal ytique tel que defini dans |'une quel conque des revendications 1 a 7
dans un precCemeveRshisdn ul CarBEnhIdRING dinbroddetflonisth @A IdRAGscA GAjeyAtifinONeMiRIGg, Orvitas-

ol ef i ni quemneséndidas alrRedktiondningdn elder fesiPIEMsER ofd Wlefidisgh Grigesiiftigieh ¥bibtung 'mitiKohlen-
conpose acet yloadxidguasgenwartained Kailysalogystamenimfassadi ur e, qui conprend | a

reacti om d' un aemnpsdiediteh\Meaiider@umpaviiou ol ef i ni quenent i nsature avec

| ' oxyde de carl)mine Geellepiir-air Roeephit mit ey tammetisclen Hubstitugnien, demgir minmsiickstalfatomne
source d'un neendlitdu groupe Vill; 30 b) une source d' une phosphine

ayant un subst¢)weinaRuell iy Regtdnepaendcont enant un at one d' azote de groupe i m no;
d) eine Quelle flir ein Alkylsulfonatanion.

35
10. Ein Verfahren wie in Anspruch 9 beansprucht, in welchem eine nukleophile Verbindung mit einem
entfernbaren Wasserstoffatom als ein Reaktionsteilnehmer vorliegt.

N 11. Ein Verfahren wie in Anspruch 10 beansprucht, in welchem die nukieophile Verbindung eine hydroxyl-
40 haltige Verbindung ist.

12. Ein Verfahren wie in einem der Ansprliche 9 bis 11 beanspruchi, in welchem die Temperatur im
Bereich von 20 bis 100°* C und der Druck im Bereich von 1 bis 70 bar liegt.

45 13. Ein Verfahren wie in einem der Anspriiche 9 bis 12 beansprucht, in welchem die acetylenisch
unges#iitigte Verbindung ein alpha-Alkin mit 2 bis 10 Kohlenstoffatomen ist.

14. Ein Verfahren wie in einem der Ansprliche 9 bis 13 beansprucht, in welchem seine allenisch ungesittig-
te Verbindung in einem molaren Verhilinis von allenisch ungeséttigter Verbindung zu acetylenisch
50 ungesittigter Verbindung im Bereich von 0,003 bis 10:1 vorliegt.

Revendications

1. Un systémse catalytique pour la carbonylation, qui comprend :
55 a) une source d'un métal du groupe VIII ;
b) une source d'une phosphine ayant un substituant aromatique contenant un atome d'azote de
groupe imino ;
c) une source de protons ; et
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C) une source de protons ; et d) une source d' un anion al—ewl.su]%ﬁ}_%
10. Un procede selon |a revendication 9, dans |equel un osa nucl eophi
ayant un atone d' hydfogene enl ev&Bl044dM7 Blesent comme cﬁ HL"'

11. Un procede selon la revendication 10, dans |equel le m”ﬂm
nucl 6ophil e est un conpos6 h drox 40 12. Un proced6 selon ' ®nes

quel conque d@%““?é‘?)’é‘??d’i“@&f"??)ﬂéy@‘"&aiel dans | equel la tenperature est

o 252 U e landia spiot s Trarolaln IR0 B 0E mPRUB s i s Guihopl e

ACRL a?orgfoﬁg ?’?Z?fi‘k Byl Toro %l;ﬁﬁg'%g %I"%ée %’? el e i o ntt *

re‘Vendl cati or eq Gel eni quenent nsature est
pr esent dans un rapport rm a| re du conpose al | eni querrent i nsature au

conposd £C&nY4y8Bing LaERitjue |sBISR i FeforiRsHh i35 aat lécﬁ:epla()&ﬁsﬁﬁﬁne B dne 2fyriay, 24
10 pyrimidyl ou 2-triazinylphosphine.

B. Un systtme catalytique selon I'une quelconque des revendications 1 2 4, dans lequel I"anion
alcoylsulfonate a de 1 & 6 atomes de carbone.

15 6. Un systdme catalytique selon I'une quelconque des revendications 1 4 5, dans lequel le nombre de
moles de phosphine par atome-gramme de métal du groupe Vil est compris entre 2 et 500, le nombre
de moles de phosphine par mole de protons est compris entre 0,05 et 50 et le nombre de moles
d'anion alcoylsulfonate par mole de protons est compris entre 0,5 et 50. -

\-’/ 20 7 Un sysiéme catalytique selon I'une quelconque des revendications 1 & 6, qui comprend en ouire une
amine tertiaire comme promoteur.

8. L'utilisation d'un systéme catalytique tel quo défini dans l'une quelconque des revendications 1 & 7
dans un procédé pour la carbonylation d'un composé acétyléniquement ou oléfiniquement insaturé.

25
9. Un procédé pour la carbonylation d'un composé acétyléniquement ou oléfiniquement insaturé, qui
comprend la réaction d'un composé acétyléniquement ou oléfiniquement insaturé avec I'oxyde de
carbone en présence d'un systdme catalytique comprenant :
a) une source d'un métal du groups VIII ;
30 b) une source d'une phosphine ayant un substituant aromatique contenant un atome d'azote de

groupe imino ;
¢) une source de protons ; et
d) une source d'un anion alcoylsulfonate.

35 10. Un procédé selon la revendication 9, dans lequel un composé nucléophile ayant un atomé d'hydrogéne
enlevable est présent comme corps en réaction.

11. Un procédé selon la revendication 10, dans lequel le composé nucléophile est un composé hydroxylé.

40 12. Un procédé selon I'une quelconque des revendications 9 & 11, dans lequel la température est comprise
entre 20 et 100°C et la pression est comprise entre 1 et 70 bars.

138. Un procédé selon I'une quelconque des revendications 9 & 12, dans lequel le composé acétyiénique-
ment insaturé est un alpha-alcyne ayant de 2 & 10 atomes de carbone.

45
14. Un procédé selon I'une quelconque des revendications 9 & 13, dans lequel un composé alléniquement
insaturé est présent dans un rapport molaire du composé alléniquement insaiuré au composé
acétyléniquement insaturé compris entre 0,003 et 10:1.
50
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