
EP 0 441 445 B1 Description The present invention relates to a
carbonylation process for the preparation of amides. J. Falbe, "New
Syntheses with Carbon Monoxide, Springer Verlag, Berlin Heidelberg New
York, 1980, 5   pp. 273-5, 284-6 reviews known carbonylation processes for
the preparation of amides. In the known proc- esses, generally an acetylene
orolefin Is reacted with carbon monoxide and an amine oramide in the
presence of a carbonylation catalyst. The carbonylation catalyst typically
comprises a source of a Group VIII metal. Sev- eral of the carbonylation
catalyst also comprise a ligand, for example pyridine or a phosphine.
British patent application publication number GB 2,216,036 discloses a
process for the carbo-amination 10  or carbo-amidation of olefins, which
process comprises contacting an olefinically unsaturated compound in the
liquid phase with carbon monoxide or a carbon monoxide-containing fluid and
a compound having the structure [err] wherein [err] are each independently
selected from hydrogen, a hydrocarbon group or a group [err] in which [err]
Independently may be hydrogen or a hydrocarbon group, or [err], together
with the nitrogen atomtowhich theyare attached, form a heterocyclic group,
the hydrocarbon moieties [err]and/or 15  [err] optionally containing as
further reactive groups one or more primary or secondary amino and/or
amlnocar- bonyl groups, in the presence of a catalyst system obtainable by
combining: component (a):    - a ruthenium compound, and component (b):
- a compound having an anion of an acid with pKa value < 3.5 (measured at
[err] in aqu- eous solution). 20     The reaction rates reported In the
Examples In GB 2,216,036 are In general low. Surprisingly, it has now been
found that amides can be prepared at a good reaction rate using a carbony-
lation catalyst which comprises a particular nitrogen-containing phosphine
ligand. Accordingly, the present invention provides a process for the
preparation of an amide, which comprises reacting an acetylenically or
olefinically unsaturated compound with carbon monoxide and a nitrogen com-
25  pound selected from ammonia and a primary orsecondary amine oramide, in
the presence of a catalyst system which comprises: a) a source of a Group
VIII metal, b) a phosphine having an aromatic substituent which contains an
imino nitrogen atom, and c) a protonic acid. 30  It has been found that the
process according to the invention affords amides at a substantially higher
rate than the process of GB 2,216,036. The catalyst system used In the
process according to the invention comprises a source of a Group VIII
metal. The source of a Group VIII metal may be the metallic element or,
preferably, a Group VIII metal com- pound. 36      Examples of Group VIII
metals are iron, cobalt, nickel, ruthenium, rhodium, palladium, iridium and
platinum. The catalyst system according to the Invention preferably
comprises a source of palladium. Examples of compounds of Group Vil metals
Include salts, for example salts of nitric acid; sulphuric acid; sulphonic
acids; phosphonic acids; perhallc acids; 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 40  of
hydrohalic acids are not preferred. Other examples of compounds of Group
VIII metals include complexes, such as complexes with acetylacetonate,
phosphines and/or carbon monoxide. For example the compound of a Group Vill
metal may be palladium acetylacetonate,
tetrakis-triphenylphosphinepalladium, bis-tri-o-tolyi- phosphinepalladium
acetate, bis-diphenyl-2-pyridylphosphinepalladium acetate,
tetrakis-diphenyl-2-pyridyl- phosphinepalladlum,
bis-di-o-tolyipyridyiphosphinepalladium acetate, or
bis-diphenylpyridylphosphinepalla- 45  dium sulphate. The catalyst system
used in the process according to the Invention further comprises a
phosphine having an aromatic substituent which contains an imino nitrogen
atom. As used herein, the term "Imino nitrogen atom" means a nitrogen atom
which may be represented in the 



structural formula of the aromatic substituent containing it by the formula
50 [err] 55  For example, if the aromatic substituent Is a pyridyl group,
the structural formula of the aromatic substituent Is 2    EP 0 441 445 B1
5 [err] The phosphine preferably comprises one or two phosphorus atoms.
Each phosphorus atom has three sub- stituents. At least one of these
substituents Is an aromatic substituent which contains an imino nitrogen
atom. io The remaining substituents are preferably selected from optionally
substituted aliphatic and aromatic hydro- carbyl groups. When the phosphine
comprises more than one phosphorus atom, it is possible for one sub-
stituent to be shared by more than one phosphorus atom, as for example in
15 [err] 20 25 The aromatic substituent which contains an imino nitrogen is
preferably a 6-membered ring containing one, two or three nitrogen atoms.
The aromatic substituent may itself be optionally substituted. 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 substituents
include halogen atoms; alkyl groups; alkoxy groups; haloalkyl groups;
haloalkoxy groups; acyl groups; acyloxy 3o  groups; tertiary amino groups;
hydroxy groups; nitrile groups; acylamino groups; and aromatic hydrocarbyl
groups. An aliphatic hydrocarbyl group Is preferably an alkyl group or a
cycloalkyl group. An alkyl group, as such or In an alkoxy group, is
preferably a C 10 alkyl group, more preferably a [er] alkyl group. Examples
of alkyl groups are methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl
and tert-butyl. A cycloalkyl group is preferably a [err] cycloalkyl group,
for example cyclopentyl or cyclohexyl. An aromatic hydrocarbyl group Is
preferably a phenyl group. A halogen atom, as such or In a haloalkyl group,
is preferably a fluorine, chlorine or bromine atom. An acyl group In an
acyl, acyloxy or acylamino group is preferably a [err] alkanoyl group such
as acetyl. A tertiary amino group Is preferably a dialkylamino group. 40
Examples of aromatic substituents containing an imino nitrogen atom are
pyridyl, pyrazinyl, quinolyl, iso- quinolyl, pyrimidinyl, pyridazinyl,
cinnolinyl, triazinyl, quinoxalinyl, and quinazolinyl. Preferred
substituents 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 45  group, it Is preferably connected
through the carbon atom at the 2-position in the pyridyl group.
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 50  formula [err] in which
[err]represents an aromatic substituent containing an imino nitrogen atom,
and R2 and R3, which may 



be the same or different, represent a group [err] or an optionally
substituted aliphatic or aromatic hydrocarbyl 3    EP 0 441 445 B1 group.
Examples of phosphines are: bisphenyl-(2-pyridyl)phosphine, 5
bis(2-pyridyl)phenylphosphlne, tris(2-pyridyl)phosphine,
diphenyl-(6-methyl-2-pyridyl)phosphine,
diphenyl-(3-methyl-2-pyridyl)phosphine,
phenyl-bis(6-methyl-2-pyridyl)phosphine, 10
tris(6-methyl-2-pyridyl)phosphine,
diphenyl-(4,6-dimethyl-2-pyrldyl)phosphine,
diphenyl-(6-methoxy-2-pyridyl)phosphine, di(n-butyl)-2-pyridylphosphine,
dimethyl-2-pyridylphosphine, 15        methylphenyl-2-pyridylphosphine,
n-butyl-2-pyridylphosphine, n-butyl(4-methoxyphenyl)(2-pyridyl)phosphine,
methyldi(2-pyridyl)phosphine, bis(6-ethoxy-2-pyridyl)phenylphosphine, 20
bis(6-chloro-2-pyridyl)phenylphosphlne, and
bis(6-bromo-2-pyridyl)phenylphosphine. The catalyst system used in the
process according to the invention further comprises a protonic acid. The
function of the protonic acid is to provide a source of protons.
Accordingly, the protonic acid may be generated In situ. 25      Preferably
the protonic acid is selected from acids having a non-coordinating anion.
Examples of such acids include sulphuric acid; a sulphonic acid, e.g. an
optionally substituted hydrocarbylsulphonic acid such as an optionally
substituted arylsulphonic acid, e.g. benzenesulphonic acid,
p-toluenesulphonic acid, naphtha- lenesulphonic acid, an optionally
substituted alkylsulphonic acid such as an alkylsulphonic acid, e.g. metha-
nesulphonic acid or tertiary butylsulphonic acid, or a substituted
alkanesulphonic acid such as 2-hydroxypro- 30 panesulphonic acid,
trifluoromethanesulphonic acid, chlorosulphonic acid orfluorosulphonic
acid; a phosphon- Ic acid, e.g. orthophosphonic acid, pyrophosphonic acid
or benzenephosphonic acid; a carboxylic acid, e.g. chloroacetic acid,
dichloroacetic acid, trichloroacetic acid, trifluoroacetic acid, oxalic
acid or terephthallc acid; or a perhallc acid such as perchloric acid. The
protonic acid may also be a sulphonated ion exchange resin. The catalyst
system used in the process according to the invention may be homogeneous or
heterogene- 35  ous. Preferably It is homogeneous. Our co-pending British
patent application number 9002491.0, filed on even date, discloses and
claims: a carbonylation catalyst systemj which comprises: a) a source of a
Group VIII metal; b) a source of a phosphine having an aromatic substituent
containing an imino nitrogen atom; 40      C) a source of protons; and d) a
source of an alkyisulphonate anion, and the use of such a catalyst
composition In the carbonylation of an unsaturated compound. Our co-pending
British patent application number 9002509.9, filed on even date discloses
and claims: a 



catalyst system which comprises: 46      a) a Group VIII metal compound,
and b) a phosphine of formula [err] wherein [err] represents an aliphatic
hydrocarbyl group, [err] represents an optionally substituted aromatic het-
erocyclic group having 5 or 6 ring atoms of which at least one Is nitrogen,
which may form part of an op- 55     tionally substituted, larger condensed
ring structure, and [err] Independently has the meaning of [err] or
represents an optionally substituted aryl group or an acid addition salt
thereof, and its use in the carbony- lation of unsaturated compounds. Our
co-pending British patent application number 9002508.1, filed on even date
discloses and claims: a catalyst system, which comprises 4    EP 0 441 445
B1 a) a source of a Group Vil metal, and b) a phosphine of general formula:
2 [err] in which [err] are Independently selected from an optionally
substituted aryl group and a group 10      of general formula: [err] 15
(II) N Z wherein each of A, X, Y and Z Is independently selected from a
nitrogen atom, a CH group and a group of 20     formula CR wherein R
represents a hydroxyl group, an amino group, an amido group, a cyano group,
an acyl group, an acyloxy group, a halogen atom, an optionally substituted
hydrocarbyl group or an optionally substituted hydrocarbyloxy group, it
also being possible for two adjacent CR groups to form a ring, provided
that at least one of [err]   represents a group of formula (II) in which at
least one of A and Z rep- resents a group of formula CR; or an acid
addition salt thereof, and its use in the carbonylation of acety- 25
lenically and olefinically unsaturated hydrocarbons. The ratio of the
number of moles of phosphine per gram atom of Group VIII metal is not
critical. Preferably It is in the range of from I to 1,000, more preferably
from 2 to 500, especially from 10 to 100. The ratio of the number of moles
of phosphine per mole of protonic acid Is not critical. Preferably it is In
the range of from 0.1 to 50, more preferably from 0.5 to 25, especially
from I to 10. 30                The process according to the Invention Is
conveniently effected In the liquid phase. A separate solvent Is not
essential. Solvents suitable for use in the process according to the
invention include for example, sulph- oxides and sulphones, for example
dimethylsulphoxide, dlsopropylsulphone or tetrahydrothlophene-2,2-diox- ide
(also referred to as sulfolane), 2-methylsulfolane, 3-methylsulfolane,
2-methyl-4-butylsulfolane; aromatic hydrocarbons such as benzene, toluene,
xylenes; esters such as methylacetate and butyrolactone; ketones 35  such
as acetone or methyl isobutyl ketone and ethers such as anisole,
2,5,8-trioxanone (also referred to as diglyme), diphenyl ether and
dilsopropyl ether, and tertiary amides such as N-methylpyrolidone. The
process according to the present invention is conveniently effected at a
temperature in the range of from 10 to [err] preferably from [err] The
process according to the Invention is preferably effected at a pressure of
from I to 70 bar. Pressures 40  higher than 100 bar may be used, but are
generally economically unattractive on account of special apparatus
requirements. 



The molar ratio of the nitrogen compound reactants to the unsaturated
hydrocarbon may vary between wide limits and generally lies within the
range of 0.01 to 100:1. The quantity of the Group VIII metal is not
critical. Preferably, quantities are used within the range of 45  10-7 to
10-1 gram atom Group VIII metal per mol of unsaturated compound. The carbon
monoxide required for the process according to the present invention may be
used in a prac- tically 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 hydrogen In the 50  gas stream supplied
is less than 5 %v. The acetylenically orolefinically unsaturated compound
is preferably a substituted orunsubstituted alkyne, alkene or cycloalkene
having from 2 to 30, preferably from 2 to 10 carbon atoms per molecule, and
one, two or more acetylenic and/or oleflnic carbon-carbon bonds. Preferably
the acetylenically or olefinically unsaturated compound is
alpha-unsaturated. 55      Suitable substituents on the unsaturated
compound include halogen atoms and cyano, acetoxy, alkoxy and aryl groups.
Examples of alkynes are: ethyne, propyne, phenyl-acetylene, 1-butyne,
2-butyne, 1-pentyne, 1-hexyne, 1-heptyne, 1-octyne, 2-octyne, 4-octyne,
5-methyl-3-heptyne, 4-propyl-2-pentyne, 1-nonyne, benzylethyne and
cyclohexylethyne. 5    EP 0 441 445 B1 Examples of alkenes are ethene,
propene, 1-butene, 2-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene,
2-octene, cyclohexene and norbornadiene. The nitrogen compound Is
preferably a compound of general formula 5
[err] in which each of [err] Independently represents a hydrogen atom or an
optionally substituted alkyl, cy- cloalkyl, aryl, aromatic heterocyclic, or
acyl group, or [err] together with the nitrogen atom to which they are
attached form a ring. An alkyl group preferably has from I to 30 carbon
atoms, more preferably from 1 to 20 carbon atoms, es- 10  peclally from I
to 10 carbon atoms. Examples of alkyl groups are methyl, ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl, nonyl and decyl. A cycloalkyl group
preferably has from 3 to 7 carbon atoms. Examples of cycloalkyl groups are
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl. An aryl group Is
preferably a phenyl or naphthyl group. 15     An aromatic heterocyclic
group Is preferably a 5-or 6-membered ring containing at least one oxygen,
ni- trogen and/or sulphur atom. Examples of heterocylic groups are
benzimidazole, triazole, quinoxaline, pyrida- zine, thiophene, purine,
triazine, cinnoline, quinazoline, imidazole, thiazole, oxazole, pyrazole,
isothiazole, pyr- idine, pyrrole, quinoline, indole, pyrimidine, furan,
pyrazine and benzofuran. An acyl group Is preferably an alkanoyl group
having from I to 30, more preferably from 1 to 10 carbon 20  atoms, such as
acetyl or propanoyl; or an aroyl group such as benzoyl. A ring formed by
[err] and the nitrogen atom to which they are attached may be, for example,
pyrrolidine, pyrrolidone, morpholine, piperidine, indoline or piperazine.
Each of the groups [err] may be substituted or unsubstituted by one or more
substituents. The sub- stituents are preferably selected from a halogen
atom, e.g. fluorine, chlorine or bromine; an alkyl group, e.g. 25  methyl,
ethyl, propyl or butyl; an alkoxy group, e.g. methoxy, ethoxy, propoxy or
butoxy; a haloalkyl group, e.g. trifluoromethyl; a haloalkoxy group, e.g.
trifluoromethoxy; a nitro group; a cyano group; an acyl group, e.g. 



acetyl; an acyloxy group, e.g. acetoxy; an amino group; an alkylamino
group, e.g. methylamino; a dialkylamino group, e.g. dimethylamino; an amido
group, e.g. acetamido; a sulphonic acid group; a hydroxyl group; a car-
boxyl group; and an aryl group such as phenyl. 30      Examples of
compounds of general formula III include ammonia, alkylamines such as
methylamine, ethy- lamine; propylamines and butylamines; dialkylamines such
as dimethylamine and diethylamine; anilines such as aniline,
1,4-diaminobenzene, aminopyridine and 1,3-dlaminobenzene; and
alkanoylamines such as aceta- mide and 2-pyrrolidone. When the unsaturated
compound is an acetylenically unsaturated compound, the nitrogen compound
Is 35  preferably an aniline. When ammonia or an alkylamine Is used, the
process is preferably effected In the presence of a carboxylic acid, for
example acetic or proplonic acid. Most preferably an excess of carboxylic
acid over ammonia or alky- lamine Is used. The nitrogen compound may be
generated in situ from the corresponding acid addition salt. 40      The
process according to the invention may be carried out continuously or
batchwise. The catalyst systems used in the process according to the
Invention may be prepared by any convenient method. Thus they may be
prepared by combining a separate Group VIII metal compound, the phosphine
(I) and the protonic acid. Alternatively, they may be prepared by combining
a Group Vill metal compound and an acid addition salt of the phosphine.
Alternatively, they may be prepared from a Group VIII metal compound 45
which is a complex of a Group VIII metal with the phosphine, and/or the
protonic acid. Phosphines having an aromatic substituent which contains an
imino nitrogen atom are known in the art. They are conveniently prepared by
reacting a phosphorus halide or alkali metal phosphine with a appropriate
alkali metal or halide derivative of a heterocyclic compound containing an
imino nitrogen atom. The invention will now be illustrated by the following
Examples. 50     In the Examples, the selectivity to a certain compound,
expressed as a percentage, is defined as 100 a/b, In which "a" is the
amount of acetylenically or olefinically unsaturated compound that has been
converted into a certain compound and "b" is the total amount of that
unsaturated compound that has been converted. Preparation 1 55 Preparation
of diphenyl-(6-methyl-2-pyridyl)-phosphine All manipulations were carried
out in an inert atmosphere (nitrogen or argon). Solvents were dried and
dis- tilled prior to use. 36 ml of a 1 .6M n-butyllithium solution in
hexane was added to 40 ml diethyl ether, and the- 6    EP 0 441 445 B1
mixture was cooled to [err] To the stirred mixture was added in the course
of 20 minutes a solution of 10 g 2-bromo-6-methylpyridine in 15 ml diethyl
ether; during this addition, the temperature was kept at -40 C. After the
addition, the temperature was raised to [err]  kept there for 5 minutes,
and then lowered again to [err] 5   A solution of 12.8 g
chlorodiphenylphosphine in 15 ml diethyl ether was added in the course of
15 minutes to the stirred mixture. After the addition, the mixture was
warmed to room temperature, the solvents were re- moved in vacuo, and 50 ml
water and 50 ml dichloromethane were added. After 5 minutes of vigorous
stirring, the dichloromethane layer was separated. The water layer was
extracted with two 50 ml portions of dichloro- methane, the organic
fractions were combined, and the solvent removed in vacuo. The residuewas
crystallized 10  from toluene/hexane to afford 12 g (75%) of
diphenyl-(6-methyl-2-pyridyl)-phosphine as off-white crystals. The product
was characterized by [err] NMR: [err] = -5.6 ppm. Preparation 2 15
Preparation of diphenyl-(3-methyl-2-pyridyl)-phosphine 



This compound was prepared as described In Preparation 1, but using 10.0 g
2-bromo-3-methylpyridine instead of the 2-bromo-6-methylpyridine. It was
characterized by [err] NMR: [err] = -8.1 ppm. 20  Preparation 3 Preparation
of phenyl-bis(6-methyl-2-pyridyl)-phosphine This compound was prepared as
described In Preparation 1, but using 5.2 g phenyidichlorophosphine in- 25
stead of the chlorodiphenylphosphine. It was characterized by 31p NMR:
[err] = -5.1 ppm. Preparation 4 Preparation of
tris(6-methyl-2-pyridyl)-phosphine 30 This compound was prepared as
described in Preparation 1, but using 2.7 g phosphorus trichloride instead
of the chlorodiphenylphosphine. It was characterized by 31P NMR: [err] =
-3.8 ppm. Preparation 5 35 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-dimethylpyri- dine
instead of the 2-bromo-6-methylpyridine. It was characterized by [err] NMR:
[err] = -5.6 ppm. 40 Preparation 6 Preparation of
diphenyl-(6-methoxy-2-pyridyl)-phosphine 46      2.7 g Sodium was added to
100 ml liquid ammonia at -80C, and then 15.2 9 triphenylphosphine was added
in 6 portions with stirring. The solution was slowly warmed to [err] kept
at that temperature for 30 min, and then cooled again to [err].  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
waterldichloromethane as described in Preparation 1. 50  Crystallization
from hexane afforded 7 g of a somewhat Impure product (characterized by
[err] NMR: [err] = -4.4 ppm). Preparation 7 55   Preparation of
di(n-butyl)-2-pyridyl phosphine To a magnetically stirred solution of 2.5 g
phenyl(2-pyridyl[err]P In 20 mol tetrahydrofuran, cooled to [err] was added
in the course of 10 min 5.9 ml of a 1.6 M solution of n-butylLi in hexane.
The resulting deep-red solution was allowed to warm to room temperature,
and analysis of the solution by [err] NMR showed It to contain    EP 0 441
445 B1 the phosphide (n-butyl)(2-pyridyl)PLi as the only
phosphorus-containing compound (6p = -16.3 ppm). The solution was cooled to
[err] and a solution of 1.3 g 1-bromobutane in 10 ml tetrahydrofuran was
add- ed. The mixture was again warmed to room temperature, the solvents
were removed in vacuo, and 25 ml of 5   diethylether and 10 ml of water
were added. After 10 min of stirring, the organic layer was separated and
the waterlayerwas extracted with 10 ml of ether. The organiclayerswere
combined and the solventwas removed in vacuo (86 Pa). The resulting
light-yellow liquid was analyzed by [err] NMR and shown to consist of a 1:1
(molar ratio) mixture of 2-phenylpyridine and (n-butyl)[err](2-pyridyl)P
(Sp = -19.5 ppm). 10  Preparation 8 Preparation of dimethyl 2-pyridyl
phosphine and methylphenyl-2-pyridyl phosphine The method of Preparation 7
was repeated, except that a 1.8 M solution of methylLI in diethylether was
is  used Instead of the n-butylLI solution, and 1.3 g iodomethane Instead
of the bromobutane. The reaction product was a mixture of (methyl)[err]
(2-pyridyl)P, methyl phenyl 2-pyridylP and 2-phenyl pyridine in the
approximate ratio 70:30:60, from which the (methyl)[err](2-pyridyl)P was
isolated by distillation. 



The physical characteristics of the products were p= -41.2 ppm
(dimethyl-2-pyridylphosphine) and [err] = -24.1 ppm
(methylphenyl-2-pyrldylphosphine). 20 Preparation 9 Preparation of n-butyl
tert-butyl 2-pyridyl phosphine 25      The method of Preparation 7 was
repeated, except that 5.6 ml of a 1.7 M solution of t-butylU In pentane was
used Instead of the n-butylLi solution. The final product was Identified as
n-butyl t-butyl 2-pyridylP by NMR analysis ([err] = -7.4 ppm). Preparation
10 30 Preparation of dimethyl 2-pyridylphosphine The method of Preparation
8 was repeated, except that 1.91 g methyl(2-pyridyl)2P and only 0.7 g lodo-
methane were used. Workup as described in preparation 1 afforded dimethyl
2-pyridyl phosphine, which was 35 further purified by distillation (65%
yield). [err] = -41.2 ppm). Preparation 11 Preparation of n-butyl(4
-methoxyphenyl)(2-pyridyl)-phosphine 40 All manipulations were carried out
In an inert atmosphere (nitrogen or argon). Solvents were dried and dis-
tilled prior to use. 18 ml of a 1.6M n-butyllithium solution in hexane was
added to 30 ml diethyl ether, and the mixture was cooled to [err]. To the
stirred mixture was added In the course of 20 minutes a solution of 4.6 g
2-bromopyridine in 15 ml diethyl ether, during this addition, the
temperature was kept at [err] After the 45  addition, the temperature was
raised to [err] kept there for 5 minutes, and then lowered again to [err].
The resulting solution was added to a cooled [err] solution of 7.6 g
4-methoxyphenyl-bis(2-pyridyl)-phosphine In 30 ml THF The mixture was
warmed to room temperature. After stirring for 10 minutes, the solvents
were removed In vacuo. Water (25 ml) and dichloromethane (25 ml) were
added. After 5 minutes of vigorous stirring, the dichloromethane layer was
separated. The water layer was extracted with two 25-ml portions of
dichloro- 50   methane, the organic fractions were combined, and the
solvent removed in vacuo. The residue was distilled, giving 4.7 g (60%) of
(n butyl)(4-methoxyphenyl)(2-pyridyl)phosphine as a yellowish liquid. The
product was characterized by [err] NMR: [err] = -14.9 ppm. In this
experiment, n-butyllithlum is believed to react with 2-bromopyridine to
afford a mixture of n-butyl- bromide and 2-pyridyllithium. Then the
2-pyridyllithium reacts with 4-methoxy-bls(2-pyridyl)-phosphine to af- 55
ford 4-methoxyphenyl(2-pyridyl)llthium phosphide (and 2,2-bipyridine). The
lithium phosphide then reacts with n-butylbromide to afford
(n-butyl)(4-methoxyphenyl)(2-pyridyl)phosphine. 8    EP 0 441 445 B1
Preparation 12 Preparation of methyl di(2-pyridyl)phosphine 5 All
manipulations were carried out in an inert atmosphere (nitrogen or argon).
Solvents were dried and dis- tilled prior to use. 36 ml of a 1.6M
n-butyllithium solution in hexane was added to 40 ml diethyl ether, and the
mixture was cooled to [err]. To the stirred mixture was added in the course
of 20 minutes a solution of 9.2 g 2-bromopyridine In 15 ml diethyl ether,
during this addition, the temperature was kept at [err] After the io
addition, the temperature was raised to [err] kept there for 5 minutes, and
then lowered again to [err]  A solution of 3A g methyldichlorophosphine in
15 ml diethyl ether was added to the stirred mixture. After the addition,
the mixture was warmed to room temperature, the solvents were removed in
vacuo, and 50 ml water 



and 50 ml dichloromethane were added. After 5 minutes of vigorous stirring,
the dichloromethane layer was separated. The water layer was extracted with
two 50-ml portions of dichloromethane, the organic fractions 15 were
combined, and the solvent removed In vacuo. The residue was distilled,
giving 4.0 g (68%) of methyl- bis(2-pyridyl)-phosphine as a yellowish
liquid. The product was characterized by 31P NMR 8p = -20.5 ppm. EXAMPLE I
20     A 250 ml stainless steel, magnetically stirred autoclave was filled
with 0.1 mmol palladium(II) acetate, 2 mmol bisphenyl(2-pyridyl)phosphine,
3 mmol p-toluenesulphonic acid, 30 ml N-methylpyrrolidone and 20 ml
aniline. Air was then evacuated from the autoclave, and 30 ml propyne were
added. The autoclave was then pressurized with 60 bar carbon monoxide,
sealed and heated to [err] After 1 hours reaction time, a sample of the
contents of the autoclave was withdrawn and analyzed by gas-liquid
chromatography. The analysis re- 25 vealed that [err]-methyl acrylanilide
had been formed with a selectivity of 99%. The mean conversion rate was
calculated to be 1500 moles propynelgram atom Pd/hour. EXAMPLE 2 30     A
250 ml stainless steel, magnetically stirred autoclave was filed with 0.1
mmol palladium(ll) acetate, 5 mmol bisphenyl(2-pyridyl)phosphine, 4 mmol
p-toluenesulphonlc acid, 50 ml N-methylpyrrolidone and 10 ml aniline. Air
was then evacuated from the autoclave. The autoclave was then pressurized
with 30 bar carbon monoxide and 20 bar ethene, sealed and heated to [err]
After 5 hours reaction time, a sample of the contents of the autoclave was
withdrawn and analyzed by gas-liquid chromatography. The analysis revealed
that prop- 35 anoyl anilide had been formed with a selectivity of 99.9%.
The mean conversion rate was calculated to be 350 moles ethene/gram atom
Pd/hour. EXAMPLE 3 40      The method of Example2was repeated, butusing 50
mmol norbornadiene instead of ethene and 100mmol aniline instead of 10 ml,
pressurizing with 40 bar carbon monoxide and heating to [err] instead of
[err] A sample withdrawn after a reaction time of 1 hour revealed thatthe
following compounds had been formed with selectivities of 70% and 30%
respectively: 45 [err]                               [err] 70%
30% The mean conversion rate was calculated to be 1,000 moles
norbornadiene/gram atom Pd/hour. 55 EXAMPLE 4 The method of Example 3was
repeated, butwith heating to only 50 C.Analysis of a sample of the contents
of the autoclave after 5 hours reaction time revealed that the following
compounds had been formed with se- lectivities of 90% and 10% respectively:
9    EP 0 441 445 1 [err]                               [err] 90%
10% 10  The mean conversion rate was calculated to be 300 moles
norbornadiene/gram atom Pd/hour. EXAMPLE 5 The method of Example 3 was
repeated, but heating at [err] for [err] hour and then [err] for [err]
hours. Analysis of the reaction product revealed that the following
compound had been formed with 90% selectivity: [err] 20 The mean conversion
rate was calculated to be 1,000 moles norbornadiene/gram atom Pd/hour. 25 



Comparative Example A The method of Example 2 was repeated, but using
triphenylphosphine instead of bisphenyl(2-pyridyl)- phosphine, and 20 ml
aniline instead of 10 ml aniline. Propanoyl anilide was formed, but the
mean conversion so  rate was calculated to be less than 10 moles ethene/
gram atom Pd/hour. EXAMPLE 6 The method of Example 2 was repeated, but
using 10 ml N-methyl acetamide instead of aniline. N-methyl, 35  N-acetyl
proplonamide was found to have been formed with a selectivity of 98%. The
mean conversion rate was calculated to be 200 moles ethene/gram atom
Pd/hour. EXAMPLE 7 40      The method of Example 2 was repeated, but using
10 ml 2-pyrrolidone instead of aniline. N-propanoyl pyr- rolidone was found
to have been formed with a selectivity of 95%. The mean conversion rate was
calculated to be 100 moles ethene/gram atom Pd/hour. EXAMPLE 8 The method
of Example 2 was repeated, but using 10 g 2-aminoethanesulphonic acid
instead of aniline, and heating at 100 C for 5 hours.
N-propionylamidoethanesulphonic acid was formed with a selectivity of about
80%. The mean conversion rate was calculated to be 300 moles ethene/gram
atom Pd/hour. 50  EXAMPLE 9 The method of Example 3 was repeated, but using
25 mmol 1,4-diaminobenzene and 25 mmol 1,3-diami- nobenzene instead of
aniline and heating for 1 hour at [err] then 4 hours at [err]  A polyamide
was obtained. Claims 1. A process for the preparation of an amide, which
comprises reacting an acetylenicaily or olefinically un- saturated compound
with carbon monoxide and a nitrogen compound selected from ammonia and a
pri- 10    EP 0 441 445 B1 CONH                              [err] 90%
10% 10  The mean conversion rate was calculated to be 300 moles
norbornadiene/gram atom Pd/hour. EXAMPLE 5 The method of Example 3 was
repeated, but heating at [err]  for [err]  hour and then [err]  for [err]
hours. 15  Analysis of the reaction product revealed that the following
compound had been formed with 90% selectivity: [err] >D0
[err] The mean conversion rate was calculated to be 1,000 moles
norbornadiene/gram atom Pd/hour. 25 Comparative Example A The method of
Example 2 was repeated, but using triphenylphosphine instead of
bisphenyl(2-pyridyl)- phosphine, and 20 ml aniline instead of 10 ml
aniline. Propanoyl anilide was formed, but the mean conversion 30  rate was
calculated to be less than 10 moles ethene/ gram atom Pd/hour. EXAMPLE 6
The method of Example 2 was repeated, but using 10 ml N-methyl acetamide
instead of aniline. N-methyl, 35  N-acetyl propionamide was found to have
been formed with a selectivity of 98%. The mean conversion rate was
calculated to be 200 moles ethenelgram atom Pd/hour. EXAMPLE 7 40      The
method of Example 2 was repeated, but using 10 ml 2-pyrrolidone instead of
aniline. N-propanoyl pyr- rolidone was found to have been formed with a
selectivity of 95%. The mean conversion rate was calculated 



to be 100 moles ethene/gram atom Pd/hour. EXAMPLE 8 45 The method of
Example 2 was repeated, but using 10 g 2-aminoethanesulphonic acid instead
of aniline, and heating at [err] for 5 hours.
N-propionylamidoethanesulphonic acid was formed with a selectivity of about
80%. The mean conversion rate was calculated to be 300 moles ethene/gram
atom Pd/hour. 50  EXAMPLE9 The method of Example 3 was repeated, but using
25 mmol 1 ,4-diaminobenzene and 25 mmol 1,3-diami- nobenzene instead of
aniline and heating for 1 hour at [err],then 4 hours at [err].Apolyamidewas
obtained. 55 Claims 1. A process for the preparation of an amide, which
comprises reacting an acetylenically or olefinically un- saturated compound
with carbon monoxide and a nitrogen compound selected from ammonia and a
pri- 1Q    EP 0441 445 B1 mary or secondary amine or amide, in the presence
of a catalyst system which comprises: a) a source of a Group Vill metal, b)
a phosphine having an aromatic substituent which contains an imino nitrogen
atom, and 5       c) a protonic acid. 2. A process as claimed in claim 1,
in which the source of a Group VIII metal is a palladium compound. 3. A
process as claimed in claim I or claim 2, In which an imino nitrogen atom
is connected to a phosphorus atom through a single bridging carbon atom. 4.
A process as claimed in claim 3, In which the phosphine Is a 2-pyridyl
phosphine or a 2-pyrimidinyl-phos- phine. 5. A process as claimed in any
one of claims I to 4, in which the protonic acid Is sulphuric add, a
sulphonic 15   acid, a phosphonic acid, a carboxylic acid, a perhalic acid
or a sulphonated ion exchange resin. 6. A process as claimed in any one of
claims I to 5, in which the ratio of the number of moles of phosphine per
gram atom of Group VIII metal Is in the range of from 2 to 500, and the
ratio of the number of moles of phosphine per mole of protonic acid is in
the range of from 0.5 to 25. 20 7. A process as claimed in any one of
claims I to 6, in which the temperature is In the range of from 20 to 130
C, and the pressure Is in the range of from 1 to 70 bar. 8. A process as
claimed in any one of claims I to 7, in which the acetylenically or
olefinically unsaturated compound is a substituted or unsubstituted alkene,
cycloalkene or alkyne having from 2 to 10 carbon atoms. 9.  A process as
claimed in any one of clalms I to 8, in which the nitrogen compound is a
compound of general formula -   30
[err] in which each of [err] independently represents a hydrogen atom, or
an optionally substituted alkyl, cycloalkyl, aryl, aromatic heterocyclic,
oracyl group, or [err] together with the carbon atom to which they are
attached form a ring. 10. A process as claimed in any one of claims I to 9,
in which the unsaturated compound is an acetylenically unsaturated
compound, and the nitrogen compound is an aromatic amine. Patentanspruche
1.  Eln Verfahren zur Herstellung eines Amids, welches das Umsetzen
elneracetylenisch oderolefinisch un- 



gesfligten Verbindung mit Kohlenmonoxid und elner Stickstoffiverbindung,
ausgewiihit aus Ammonlak ^ ^ -  - - -  und einem primaren oder sekundaren
Amin oder Amid, in Gegenwart eines Katalysatorsysterns, welches a) eine
Quelle far ein Metall der Gruppe Vill, b) ein Phosphin mit elnem
aromatischen Substituenten, der ein lminostickstoffatom enthalt, und c)
elne Protonenslure enthilt, umfaBt. ; ; 0 -   2.  Ein Verfahren, wie in
Anspruch I beansprucht, in welchem die Quelle fOr eln MetaHl der Gruppe
Vill eine Palladiumverbindung iSL - "  ~- - -t -3.  Ein Verfahren, wie in
Anspruch 1 oder 2 beansprucht, in welchem ein Iminostickstoffatom Ober ein
ein- zelnes Brulcken-Kohlenstoffatom an ein Phosphoratom gebunden let. 4.
Eh Verfahren, wie in Anspruch 3 beansprucht, in welchem das Phosphin eln
2-Pyridylphosphin oder eln . 5:.^6      2-Pyrimidinyiphoshin let 5.  Ein
Verfahren, wie in einem der Anspruche I bis 4 beansprucht, in welchem die
Protonensaure Schwe- felsaure, eine Sulfonslure, elne Phosphonsaure, ein
Carbonsaure, eine Perhalogensaure oder efn sul- foniertes
lonenaustauscherharz ist. .   .   .    ;  D  EP 0 441 445 B1   I 1I II
111111 HE 11111 1 1III ~~~~~::
* ~~~~~~~~~~~~~~~~~~~~C  L  M.   S * 6.  Eh Verfahren, wie in einem der
Anspruche I bis 5 beansprucht, in welchem das Verhaltnis der Anzahl der
Mole an Phosphin je Grammatom des Metalls der Gruppe Vil im Bereich von 2
bis 500, und das Ver- haltnis der Anzahl der Mole an Phosphin je Mol der
Protonensaure im Bereich von 0,5 bis 25 liegt 7. Ein Verfahren, wie in
einem der Anspr~che I bis 6 beansprucht, in welchem die Temperatur im
Bereich von 20 bis 130C, und der Druck im Berelch von I bis 70 Bar liegt. .
8. Eh Verfahren, wle in elnem der Ansprriche I bis 7 beansprucht, in
welchem die acetylenlsch oder oiefi- fnisch ungeslttigte Verbindung eln
substitulertes oder nicht substitulertes Aiken, Cycloalken oderAlkin mit 2
bis 10 Kohlenstoffatomen ist. 9.  Ein Verfahren, wie in einem der Anspruche
I bis 8 beansprucht, in welchem die Stickstoffverbindung sine s !; i : -
Verbindung der allgemeinen Formel HNRGR6    (111) ;  : -: :  15  ist, In
welcher R5 und R8 jewells unabhlngig sin Wasserstaffatom, oder sine
gegebenonfalls substitulerte Alkyl-, Cycloalkyl-, Aryl-, elne aromatfsche
heterocyclische oder elne Acylgruppe darstellen, oder RG und R6 zusammen
mit dem Kohlenstoffatom, an des sie gebunden sind, einen Ring bilden. - 10.
Eh Verfahren, wie in einem der Ansprflche I bis 9 beansprucht, in welchem
die ungesattigte Verbindung * ,,,sS  .20    sine acetylenisch ungesafltgte
Verbindung, und die Stickstoffverbindung eln aromatisches Amin ist.
Revendicatlons 25 I. Un procede pour la preparation d'une amide, procede
solon lequel on fait reagir un compose A insaturation acdtylenique ou
ol'finIque avec du monoxyde de carbons et un compos6 de 'azotb cholsi parmi
l'am- moniac et une amine ou un amide primalre ou secondaire, en presence
d'un systeme catalytique qui - comportb: a) une source d'un metal du groupe
Vill, - b) uno phosphine ayant un substituant aromatique qui renferme un
atome d'azoto de type imino, et k-- 9    -        c) un acids protonique.
2.-  Un proced6 tel que revendiqu6 dans la revendlcation 1, dans lequel la
source de metal du Groupe ViIl est un compose du palladium. *        35.: 



3.  Un procde tel quorevendiqu6 danarevendicatton lou la revendication 2,
dans Isquel un atome d'azote Imino est connecte a un atome de phosphors par
lintermedlalre d'un atome de carbon. unique de pon- :tage. i - ,f    40  4.
Un proced tel quo revendiqu6 dans la revendliation 3, dane lequel la
phosphine eat une 2-pyuidyl-phos- * ' 4 i ;- phine ou une
2-pyrimidinyi-phosphine. 5. Un procde tol que revendlqu6 dans l'une
quelconque des revondications 1 A 4, dons loquel l'acide pro- -:;3 ; . '  .
tonique est I'acide sulfurique, un acide sulfonique, un acide phosphonique,
un acide carboxylique, un acide 45;     perhalique ou une resine echangeuse
dions sulfonee. 6.  Un proc~dA tel que revendique dans lune quelconque des
revendications 1 A 5, dans lequel le rapport du nombre de moles de
phosphine par atome-gramme de metal du Groups Vil se situe dans la gamme de
2 A 500, et le rapport du nombre de moles de phosphine par mole d'acide
protonique se situe dans la gamme de 0,5 a 25. 7. Un procede tel que
revendiqu dans l'une quelconque dos revendicatlons 1 a 8, dans lequel la
temperature se situe dans la gamme de 20 A 1 30C ot la pressbon se situe
dans la gamme de I a 70 bars. 8.  Un procede tel que revendlque dans lune
quelconque des revendications I A7, dans lequel le compose 55      A
insaturation acetylenique ou olefinique est un alobne, un cycdoalcene, ou
un alcyne, substltu6 ou non substitue, ayant de 2 A 10 atomes de carbone.
9.  Un proc~de tel que revendiqu6 dans l'une quelconque des revendications
I A 8, dans lequel le compose azote est un compose de la formule generale
12    EP 0 441 445 BI                   c  L    i l H-iNR6R8    (111) dans
laquelle chacun des Rs et R6 repr6sentent independamment un atoms
d'hydrogene, ou blen un grou- pe alklce, cycloalkyle, aryle, h6terocyclique
aromatique ou acyle, substitu6 ls cas 6ch6ant, ou bien Rr et 5       RG
conjointement avec l'atome de carbons auquel Hie sont attach6s, forment un
cycle. 10. Un proced6 tel que revendiqu6 dens luns quelconque des
revendications I a 9, dens lequel le compos6 insatur6 est un compose A
insaturation acetyl6nique, et le composA azot6 est une amine aromatique. 10
... .   .. 20 .. 2S 360 35 13    


