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(57) Abstract: The invention relates to N’-substituted N-acylamidine
transition metal complexes of the general formula (I), wherein M rep-
resents a transition metal, selected from the group of metals including
Ni, Cu, Ru, Rh, Pd, Os, Ir and Pt, X represents Cl, Br, triflate, methane
sulfonate or p-toluol sulfonate, m is 0, 1 or 2, nis 1, 2 or 3 and the
radicals have the following meanings: R!, R? is a straight-chain or
branched, cyclic hydrocarbon group with 1 to 20 carbon atoms which
can be mono or poly-unsaturated, an aromatic group with 3 to 6 chain
members, which is linked directly or via a C; to C4 alkyl or C, to
C¢ alkylene group, whereby the mentioned groups can carry one or
more substituents. Ar represents Cg to Cyg aryl or hetaryl with 5 to

10 ring members, whereby the mentioned groups can be substituted by C,; to Cq4 alkyl, C; to C, halogenalkyl, NR1°R! COORS®,

plexes and their use as catalysts.

(57) Zusammenfassung: Die vorliegende Erfindung betrif

& Si(R7):Si(R7),R8, OR3 and/or halogen. The invention also relates to a method for producing this new class of metal transition com-

't N’-substituierte N-Acylamidin-Ubergangsmetallkomplexe der allge-

meinen Formel (I) in der M fiir ein Ubergangsmetall, ausgewdhlt aus der Gruppe der Metalle Ni, Cu, Ru, Rh, Pd, Os, Ir und Pt, X
fiir Cl, Br, Triflat, Methansulfonat oder p-Toluolsulfonat, m fiir O, 1 oder 2, n fiir 1, 2 oder 3 stehen und die Reste folgende Bedeu-
tung haben: R!, R? ein geradkettiger oder verzweigter, cyclischer Kohlenwasserstoffrest mit 1 bis 20 Kohlenstoffatomen, der ein-
oder mehrfach ungesittigt sein kann, ein aromatischer Rest mit 3 bis 6 Ringgliedern, der direkt oder iiber eine C;- bis Cg-Alkyl-
oder C,- bis Cg-Alkylengruppe gebunden ist, wobei die genannten Reste einen oder mehrere Substituenten tragen konnen. Ar Cg-

bis Cip-Aryl oder Hetaryl mit 5 bis 10 Ringgliedern, wobei die genannten Reste durch C;- bis Cg-Alkyl, C;- bis C,-Halogenalkyl,

NRR!M™, COORS, Si(R7);Si(R”),R8, OR? und/oder Halogen substituiert sein kénnen. Dariiber hinaus betrifft die Erfindung ein Ver-
fahren zur Herstellung dieser neuen Klasse von Ubergangsmetallkomplexen und deren Verwendung als Katalysatoren.
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N'-SUBSTITUTED N-ACYLAMIDINE METAL TRANSITION COMPLEXES
AND THEIR USE AS CATALYSTS

The present invention relates fo N'-substituted N-acylamidine-transition metal complexes of the
general formula |

)L N /R1 ‘
Rz "N N |
H
: 'J "
10 |
M Xm

where

M IS a transition metal selected from the group of the metals Ni, Cu, Ru, Rh,
Pd, Os, Ir and Pt

X is Cl, Br, triflate, methanesuifonate or p-toluenesulfonate

m s 0, 1o0r2,

20 n is1,20r3

and the radicals are defined as follows:

R' R are each a straight-chain, branched or cyclic hydrocarbon radical having
from 1 to 20 carbon atoms which may be mono- or polyunsaturated, an
aromatic radical having from 3 {o 6 ring members which may be bonded
directly or via a C;- to Cs-alkyl or C,- to Cg-alkylene group, and the radicals
mentioned may bear one or more substituents selected from the group of
C.- to Ce-alkyl, Cq- to Cu-haloalkyl, OR?, NR*R°, COOR®, Si(R")s, Si(R'):R®,
halogen, aryl, C;-Cg-cycloalkyl,

20 R RS RS are each independently C,- ta Cy,-alkyl, C- to Cio-aralkyi, Cs- to Cyg-aryl,

C,- to Cs-cycloalkyl, Cs- to Cg-cycioalkyl in which one CH; group has been
replaced by O, NH or NR®, and R* and R® may together also be -(CHy)y~,

where y is an integer from 4 to 7, hetaryl or hetaralkyl having from St0 6
ring members in the heteroaromatic,
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R* R®and R, R"" are each independently hydrogen, straight-chain or branched C;- to C1.-
alkyl, C;- to Cyz-aralkyl, Ce- to Cio-aryl, Cs- to Cg-cycloalky! or Cs- to Cs-
‘cycloalkyl in which one CH, group has been replaced by O, NH or NR®,
and R* and R® and/or R'® and R'! may each together be -(CH,),-, where
y is an integer from 4 to 7;

R, R® are each independently straight-chain or branched C;- to Cyz-alky! or C;- to
C,2-aralkyi,
Ar is Cg-Cqo-aryl or hetaryl having from 5 to 10 ring members, and the radicais

mentioned may be substituted by C,- to Cg-alkyl, C,- to C,s-haloalkyl,
NR'R'" COORS, Si(R")s, Si(R"),R®, OR® and/or halogen.

The invention further relates to a process for preparing this novel class of transition metai
complexes and to their use as catalysts for organic reactions, in particular for coupling reactions,

in which new bonds are formed between carbon atoms or between carbon atoms and
heteroatoms.

Organic and inorganic transition metal compounds have become indispensable as reagents or
catalysts in modern organic synthetic chemistry. A significant portion of the reactions available
today as tools in the synthesis of complex organic structures is based on the diverse reactivity
patterns of transition metal-organic compounds. Particular importance has been gained by
synthetic methods and catalyst systems which help to form new bonds between carbon atoms.
These transition metal-catalyzed coupling reactions have in the meantime also gained
considerable economic importance and are therefore still the subject-matter of intensive
research efforts.

The current state of the art on transition metal-catalyzed coupling reactions is summarized in
numerous publications. Examples cited here include F. Diederich et al., Metal-catalyzed Cross-
coupling Reactions, Wiley-VCH, Weinheim, 1998 and L. Brandsma et al., Application of
Transition Metal Catalysts in Organic Synthesis, Springer, New York, 1998. A current review is
also given by G. C. Fu et al. in Angew. Chem. 2002, 114, 4350 - 4386.

In most of the homogeneous transition metal catalyst systems described hitherto, the
catalytically active transition metal central atom is stabilized by ligands having weak donor
properties. Predominant among these are phosphine ligands, in particular tertiary phosphines.
An alternative to the oxidation- and temperature-sensitive phosphine ligands developed only
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recently is constituted by ligand systems whose donor properties can be attributed directly or
indirectly to nitrogen atoms.

For instance, W. A. Herrmann et al., Angew. Chem. 2002, 114, 1342 - 1363, describe

N-heterocyclic palladium-dicarbene compounds and their use as catalysts in the coupling of
donor-substituted bromoarenes with styrene.

EP-A-0 719 758 describes the preparation of aromatic olefins from haloaromatics and olefins by
Heck reaction in the presence of palladium complexes which contain heterocyclic carbene
ligands as catalysts.

A. C. Hillier et al. in J. Organomet. Chem. 2002, 653, 69 — 82 describe palladium compexes with

monomeric imidazol-1-ylidene ligands, which can be used to couple bromoaromatics with butyl
acrylate.

A bidentate bipyrimidyl ligand for stabilizing a palladium catalyst is described by
M. R. Buchmeister et al. in J. Organomet. Chem. 2001, 634, 39 — 46. This allows catalysis of
coupling reactions of styrene or ethyl acrylate with differently substituted bromoarenes.

N-Acyl-N'-alkyl-transition metal complexes have not yet been described. In contrast,
N-acylamidines are known. For instance, E.-U. Wirthwein et al. in Eur. J. Inorg. Chem. 2000,
1739 — 1743 describe four N-acylamidine-copper(ll) compiexes in which the copper atom is
bonded via the acyl oxygen and the nonalkylated amidine nitrogen.

A nickel(ll) complex described by J. C. J. Bart et al., Inorganica Chimica Acta, 28 (1978), 201 —

210 has the same coordination. In this case, the central atom is complexed by two anionic
N-acylamidine ligands.

Owing to the outstanding economic importance which transition metal-catalyzed C-C bond-
forming coupiing reactions have gained, there is still 2 need for improved catalyst systems. The
main interest attaches firstly to the development of catalysts having relatively high catalytic
activity which is manifested on the industrial scale in high turnover numbers and thus an
improved space-time yleld. Secondly, there is still a desire for catalysts having low substrate
specificity, i.e. catalysts which are suitable for converting a very broad spectrum of substrates.

These catalysts should additionally be obtainable readily, inexpensively and on the industrial
scale.
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A novel class of transition metal complexes of the general formula | as defined at the outset has
now been found.

The R' and R’ radicals may each independently be a straight-chain, branched or cyclic
hydrocarbon radical having from 1 to 20 carbon atoms which may be mono- or polyunsaturated,
an aromatic radical having from 6 to 14 ring members which may be bonded directly or via a C;-
to Ce-alky!l or C,- to Ce-alkylene group. For example, R' and R* may be defined as follows:

C,- to Cs-alkyl: methyl, ethyl, n-propyl, 1-methylethyl, n-butyl, 1—methylpropyl, 2—methylpropy!
and 1,1—dimethylethyl, n-pentyl, 1-methylbutyl, 2—methylbutyl, 3—methylbutyl, 2,2-dimethyipropyl,
1-ethylpropyl, n-hexyl, 1,1-dimethyipropyl, 1,2—dimethylpropyl, 1-methylpentyl, 2-methylpentyl,
3-methyipentyl, 4—-methylpentyl, 1,1~dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl, 2,2—
dimethylbutyl, 2,3~dimethylbutyl, 3,3—dimethylbutyl, 1-ethylbutyl, 2-ethylbutyl, 1,1,2-
trimethylpropyl, 1—ethyl-=1-methylpropyl and 1-ethyl-3-methyipropyl;

C;4- to Cyo-alkyl such as C,- to Cg-alky! (as specified above) or unbranched or branched heptyl,
octyl, nonyl, decyl, undecyl or dodecy!,

C,- to Ce-alkenyl: for example, ethenyl, 1-propenyl, 2-propenyi, 1-methylethenyl, 1-butenyl,
2-butenyl, 3-butenyl, 1-methyl-1-propenyl, 2-methyl-1-propenyl, 1-methyi-2-propenyl, 2-methyl-2-
propenyl, 1-pentenyl, 2-pentenyl, 3-pentenyi, 4-pentenyl, 1-methyl-1-butenyl, 2-methyl-1-butenyl,
3-methyl-1-butenyl, 1-methyl-2-butenyl, 2-methyi-2-butenyl, 3-methyl-2-butenyl, 1-methyl-3-
butenyl, 2-methyl-3-butenyl, 3-methyi-3-butenyl, 1,1-dimethyl-2-propenyl, 1,2-dimethyl-1-
propenyl, 1,2-dimethyl-2-propenyl, 1-ethyl-1-propenyl, 1-ethyl-2-propenyl, 1-hexenyl, 2-hexeny|,
3-hexenyl, 4-hexenyl, 5-hexenyl, 1-methyl-1-pentenyl, 2-methyl-1-pentenyl, 3-methyl-1-pentenyl,
4-methyl-1-pentenyl, 1-methyl-2-pentenyl, 2-methyl-2-pentenyl, 3-methyl-2-pentenyl, 4-methyl-2-
pentenyl, 1-methyli-3-pentenyl, 2-methyl-3-pentenyl, 3-methyi-3-pentenyl, 4-methyl-3-pentenyl, 1-
methyl-4-pentenyl, 2-methyl-4-pentenyl, 3-methyl-4-pentenyl, 4-methyl-4-pentenyl, 1,1-dimethyl-
2-butenyl, 1,1-dimethyl-3-butenyl, 1,2-dimethyl-1-butenyl, 1,2-dimethyl-2-butenyl, 1,2-dimethyl-3-
butenyl, 1,3-dimethyl-1-butenyl, 1,3-dimethyi-2-butenyl, 1,3-dimethyl-3-butenyl, 2,2-dimethy!-3-
butenyl, 2,3-dimethyl-1-butenyl, 2,3-dimethyl-2-butenyl, 2,3-dimethyl-3-butenyl, 3,3-dimethyl-1-
butenyl, 3,3-dimethyl-2-butenyl, 1-ethyl-1-butenyl, 1-ethyl-2-butenyl, 1-ethyl-3-butenyl, 2-ethyl-1-
butenyl, 2-ethyi-2-butenyl, 2-ethyl-3-butenyl, 1,1,2-trimethyl-2-propenyl, 1-ethyl-1-methyl-2-
propenyl, 1-ethyl-2-methyl-1-propenyl and 1-ethyl-2-methyl-2-propenyi;

Cs- to Cg-cycloalkyl: for example, cyclopropyl, cyclobutyl, cyclopentyl, cyciohexyl, cycloheptyl and
cyclooctyl;
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aryl: mono- to tricyclic aromatic carbocycle having from 6 to 14 ring members, for example
phenyl, naphthyl and anthracenyl;

C.- to Cyp-aralkyl, for example phenylmethyl, 1-phenylethyl, 2-phenylethyl, 1-phenylpropyl,
2-phenylpropyl or 3-phenyipropyi.

These R' and R? radicals may optionally be substituted, and the substituents may be varied
within a wide range. Possible substituents are in particular:

C,- to Ce-alky! (as specified above) and additionally

C,- to Cs-haloalkyl: a C4- to Cs—alkyl radical which is partly or fully substituted by fluorine,
chlorine, bromine and/or iodine, i.e., for example, chloromethyl, dichloromethyl, trichloromethyi,
fluoromethy!, difluoromethyl, trifluoromethyl, chlorofluoromethyl, dichlorofluoromethyi,
chlorodifluoromethy!, 2-fluoroethyl, 2-chloroethyl, 2-bromoethyl, 2-iodoethyl, 2,2-difluoroethyl,

2 2 2-triflucroethyl, 2-chloro-2-fluoroethyi, 2-chioro-2,2-difluoroethyl, 2,2-dichloro-2-fluoroethyl,
2.2 2-trichloroethyl, pentafluoroethyl, 2-fluoropropyl, 3-fluoropropyl, 2,2-difluoropropyi, 2,3-
difluoropropy!, 2-chloropropyl, 3-chloropropyl, 2,3-dichloropropyl, 2-bromopropyl, 3-bromopropyi,
3,3,3-trifluoropropyl, 3,3,3-trichloropropyl, 2,2,3,3,3-pentafluoropropyl, heptafiuoropropyl, 1-
(fluoromethyl)-2-fluoroethyl, 1-(chloromethyl)-2-chloroethyl, 1-(bromomethyl)-2-bromoethyl, 4-
fiuorobutyl, 4-chlorobutyl, 4-bromobutyl and nonafiuorobutyl.

The R' and R? radicals may also bear substituents such as alkoxy, alkoxycarbonyl and/or amino
substituents, for example C;- to Cs-alkoxy such as methoxy or ethoxy, C,- to Ce-alkoxycarbony!
such as methoxycarbonyl or ethoxycarbonyl, or NH,, di-Cs- to C4-alkylamino such as
dimethylamino or diethylamino, or C,- to C,-alkylamino such as methylamino or ethylamino. The

R3to R® R® R' and R'' radicals follow the above-cited definitions and can additionally be
defined as follows:

Cs- to Cyo-aryl: phenyl and naphthy! and also 3- to 6-membered heterocycly!, for example
2-oxiranyl, 2-oxetanyl, 3-oxetanyl, 2-tetrahydrofuranyl, 3-tetrahydrofuranyi, 2-tetrahydropyranyl,
3-tetrahydropyranyl and 4-tetrahydropyranyl, 2-azirinyl, 2-, 3-tetrahydropyrany},
3-tetrahydropyranyl and 4-tetrahydropyranyl.

The R’ and R® radicals are each independently straight-chain or branched C;- to C42-alky! or C;-
to Cq;-aralkyl as defined above.
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R' and R? are preferably branched or unbranched C,- to Cy,-alkyl, C+- to Cy,-aralkyl, Ce- to Cyo-
aryl, and the radicals may each be substituted by up to three halogen atoms and/or one or two
C.1 -Ce-alkyl, trifluoromethyi and/or C4-Ce¢-alkoxy substituents.

Very particularly preferred R' radicals are branched or unbranched C;- to C42-alkyl, in particuiar
C,- to Cg-alkyl, and C;- to C4,-araikyl, for example benzyl or phenylethyl.

R® is more preferably branched or unbranched C;- to Cyz-alkyl, in particular C;- to Cg-alkyl, C+- to
C,,-aralkyl or Cg- to Cyo-aryl, and the aromatic radicals as specified above may be substituted by
from one to three halogen atoms and/or one or two Cs4- to Cg-alkyl, C4- to C4-haloalkyl such as
trifluoromethyl, or C4- to Ce-alkoxy substituents.

The aromatic radical of the amidine hydrocarbon Ar may be varied widely and is a 5- to 14-
membered aromatic or heteroaromatic radical having from 2 to 14 carbon atoms which may
optionally be substituted by one or more C4- to Ce-alkyl, C,- to Ce-alkoxycarbonyl, C¢- to Ce-
alkoxy, trialkylsilyl, diarylalkylsilyl and/or trifluoromethyl substituents, and/or halogen such as
fluorine, chlorine or bromine. Ar is preferably a 5- to 10-membered aromatic or heteroaromatic
radical having from 2 to 10 carbon atoms. Possible examples thereof are: 2-furyl, 3-furyl,
3-thienyl, 2-pyrrolyl, 3-pyrrolyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 4-isothiazolyl, 3-pyrazolyl,
4-pyrazolyl, 5-pyrazolyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 2-imidazolyl, 4-imidazoiyl, 1,2,4-
oxadiazol-3-yl, 1,2 ,4-oxadiazol-5-yl, 1,2,4-triazol-3-yl, 1,3,4-oxadiazol-2-yl, 1,3,4-triazol-2-yl; 2-
pyridinyl, 3-pyridinyi, 4-pyridinyl, 3-pyridazinyl, 4-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-
pyrimidinyl, 2-pyrazinyl, 1,3,5-triazin-2-yi and 1,2 ,4-triazin-3-yl; 2-furyl, 3-furyl, 2-pyrrolyl, 3-
pyrrolyl, 3-isoxazolyl, 4-isoxazolyl, S-isoxazolyl, 4-isothiazolyl, 5-3-pyrazolyl, 4-pyrazolyl, 5-
pyrazolyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 2-imidazolyl, 4-imidazolyl, 1,2 ,4-oxadiazol-3-yl,
1,2,4-oxadiazol-5-yl, 1,2,4-triazol-3-yl, 1,3,4-oxadiazol-2-yl, and 1,3,4-triazol-2-yl; 2-pyridinyl, 3-
pyridinyl, 4-pyridinyl, 3-pyridazinyl|, 4-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyi, 2-
pyrazinyl, 1,3,5-triazin-2-yl and 1,2,4-triazin-3-yl, each of which may optionally be substituted by
one or more C,- to Cg-alkyl, C4- to Cg-alkoxycarbonyl, C,- to Ce-alkoxy, trialkylsilyl, diarylalkylsilyl
and/or C4- to Cs-haloalkyl substituents and/or halogen. Very particular preference is given to Ar
being a 5- or 6-membered heteroaromatic radical having from 2 to 6 carbon atoms and oxygen
and/or nitrogen as heteroatoms, said radical optionally being substituted by one or more C;- to
Ce-alkyl, C4- to Cg-alkoxy, trialkylsilyl such as trimethylsilyl and/or C,-C4-haloalkyl such as
trifluoromethyl substituents and/or halogen.

In this context, halogen refers to the elements fiuorine, chlorine, bromine and/or iodine, in
particular fluorine or chlorine.
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M is preferably a transition metal selected from the group of the metals Ru, Rh, Pd, Os, Ir and
Pt, most preferably Pd or Pt.

The number of ligands X present in the transition metal compounds according to the invention is

determined by the valency of the central atom selected and the number of amidine ligands
present. In the general formula |, m preferably takes the value 1 or 2.

The number of amidine ligands of the general formula Il

L
R'l
n2 /LHT; SN 1

H

present in the transition metal compounds according to the invention is determined in a similar
manner the valency of the central atom selected and the number and also the charge of the
ligands X present. In the general formula |, n is preferably 1 or 2, more preferably 2.

Very particular preference is given to compounds of the general formula | in which M is Pd, X is
Cl, nis 2 and m is 2. Among this group of compounds, preference is given in particular to those
in which R is straight-chain or branched C;- to C,>-alkyl which may optionally be substituted by
from one to three halogen atoms and/or one or two methyi, trifluoromethyl and/or C;- to Ce-
alkoxy substituents, and R? is straight-chain or branched C,- to C,,-alkyl which may optionally be
substituted by from one to three halogen atoms and/or one or two methyi, trifluoromethyl and/or
C,- to Ce-alkoxy substituents, or is a C,- to C,-aralkyl or Cg- to Cp-aryl, and the aromatic
radicals may be substituted by from one to three halogen atoms and/or one or two C;- to Ce-

alkyl, trifluoromethyl and/or C4- to Cs-gen atoms and/or one or two C,- to C;- alkyl,
triffluoromethyl and/or C,- to Ce- alkoxy substituents.

The invention further relates to a process for preparing N'-substituted N-acylamidine-transition
metal complexes of the general formula | by reacting N'-substituted N-acylamidines with suitable

compounds, which are typically soluble in organic solvents, of the particuiar transition metals.

The N-substituted amidines of the general formula il

Ho /k\ AR

l}l N I
H
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required for the synthesis of the transition metal complexes according to the invention can be
prepared according to T. Konakahara et al. (J. Chem. Soc. Perkin Trans. 1, 1987, 1489 - 1494)
and also according to J. K. Eberhardt, Diploma dissertation, University of Munster, 1999, by
reacting primary amines with aromatic nitriles. To this end, a solution of the primary amine in an
ethereal solvent such as ether or tetrahydrofuran is initially charged and an approximately
equimolar amount based on the amine used of a base sufficiently strong to deprotonate the
amine is added with cooling. Typically, the concentration of the solution of the amine is between
about 0.5 and about 5 mol/l. Suitable bases are, for example, alkyliithium compounds or
hydrides, each as such or in the form of solutions or suspensions, preferably n-butyllithium in
dissolved form. The base is advantageously added with cooling, typically to temperatures below
about -30°C, preferably at temperatures below about -70°C.

Subsequently, a likewise approximately equimolar amount based on the amine used of a nitrile
is likewise added dropwise with cooling. The reaction is at temperatures below -50°C, preferably
below -70°C, and is typically complete after from 1 to 2 h. After heating to room temperature, the

reaction mixture is hydrolyzed by adding water or a suitable protic solvent such as methanol or
ethanol or aqueous mixtures thereof.

Alternatively, according to P. Luhhardt, Thesis, University of Mlnster, 1989, N-substituted
amidines of the general formula |l can be prepared by adding a primary amine with ice cooling to
a mixture of anhydrous aluminum trichloride (AICl;) and an approximately equimolar amount of a
nitrile, in an approximately equimolar amount based on the other two reactants. The reaction
mixture is subsequently heated to temperatures above 100°C, preferably above 150°C. The
reaction is completed typically after from about 0.5 to 3 h.

The reaction mixture is advantageously worked up by pouring the melt onto a precooled dilute
mineral acid solution, admixing with activated carbon and stirring. After filtration and extractive

workup, the N-substituted amidines prepared in this way are purified by fractional distiliation.

Amidines of the general formula Il can, for example, be acylated to N'-substituted
N-acylamidines of the general formula |l

R )L )%N/R1 Il

by dissolving the particular N-substituted amidine in 2 M sodium hydroxide solution and, at a
temperature below 10°C and based on the amount of the amidine used, adding from about 0.8
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to about 1 equivalent of a suitable acylating agent as such or in dissolved form, preferably
dissolved in acetone. The reaction is advantageously carried out at temperatures of up to 10°C
and is complete typically after from 0.5 to 4 h. Depending on their properties, the N'-substituted
N-acylamidines of the general formula ill which an be prepared in this way are filtered off with
suction, washed and dried, or worked up extractively and fractionally distilled.

N'-Substituted N-acylamidines of the general formula Il are suitable for preparing the catalysts
of the general formula | according to the invention. To this end, a from about 0.05 to about

0.5 molar solution of an amidine of the general formula lll and of a soluble transition metal
compound, preferably compounds of palladium or platinum, for example palladium(il)
acetylacetonate, bis(acetonitrile)palladium(ll) chloride, dibenzylidenepalladium (Pd;(dba)s),
bis(benzonitrile)palladium(li) chloride, platinum(ll) acetylacetonate or bis(benzonitrile)platinum(ll)
chloride is advantageously prepared in a moderately polar, aprotic organic solvent. For this
purpose, preference is given to using halogenated solvents, for example dichioromethane,
chloroform, 1,2-dichloroethane, or aromatic solvents, for example benzene, toluene or xylene, or
mixtures of the soivents mentioned. The solutions obtained in this way are covered with a layer
of a suitable amount of a less polar solvent differing from the solvent or solvent mixture initially
selected. Preference is given to halogen-free organic soivents having from 4 to 12 carbon

atoms, particular preference to ethereal solvents having from 4 to 12 carbon atoms, for example
diethyl ether or dibutyl ether.

In a preferred embodiment of the process according to the invention, N'-substituted
N-acylamidine-paliadium(ll) complexes of the general formula | are obtained by dissolving

0.1 mmol of an N-acylamidine of the general formula il with 0.05 mmoi (based on the number of
paliadium equivalents) of a soluble Pd(ll) compound, preferably bis(benzonitrile)palladium(ll)
chloride, in from about 0.5 to about 3 mi of a polar halogenated solvent, preferably in
dichloromethane or chloroform, and covering with from about 2 to about 20 mi of an etherial

solvent, preferably diethyl ether.

On storage at temperatures between 0 and 40°C, the transition metal complexes according to
the invention crystallize out of the solution. The crystallization time may vary widely and is

typically between 1 h and 5 days. The crystals which are generally stabie to air are filtered off
with suction and dried.

N'-Substituted N-acylimidines of the general formula lll are also suitable for preparing solutions
of the catalysts of the general formula I. To this end, an about 0.0008 to 0.5 molar solution of the
amidine of the general formula il and a soluble transition metal compound, preferably

compounds of palladium or platinum, for example palladium(ll) acetylacetonate,
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bis(acetonitrile)palladium(ll) chloride, dibenzylidenepalladium (Pdx(dba)s),
bis(benzonitrile)palladium(ll) chioride, platinum(ll) acetylacetonate or bis(benzonitrile)platinum(il)
chloride, in a moderately polar, aprotic organic solvent is prepared. To this end, preference is
given to using halogenated solvents, for example dichloromethane, chloroform, 1,2-
dichloroethane or aromatic solvents, for example benzene, toluene or xylene, or mixtures of the

solvents mentioned.

The invention further relates to the use of the transition metal compounds of the general
formula | according to the invention or solutions thereof as catalysts for organic reactions, in
particular for transition metal-catalyzed coupling reactions, in which at least one new chemical
bond is formed between two carbon atoms. In addition to these C-C bond-forming reactions, the

catalysts according to the invention are also suitable as catalysts for organic reactions in which
new bonds are formed between carbon atoms and heteroatoms.

In the coupling reactions catalyzed by the transition metal complexes according to the invention,
bonds can be formed between carbon atoms of the same or different hybridization. The carbon
atoms to be bonded may each independently be sp-, sp*- or sp>-hybridized. This encompasses

all coupling reactions between carbon atoms which are part of an alkyl, alkenyl, alkynyl or aryl or
hetary! system.

In particular, the transition metal compounds according to the invention are suitable as catalysts
for Heck reactions, Suzuki couplings, Stephens-Castro-Sonogashira reactions and Stille
couplings and further coupling reactions which are described extensively in the relevant
technical literature and in which transition metal complexes soluble in organic solvents,
especially those of the transition metals Pd, Pt, Ni, Cu, are customarily used. They are notable
for an outstandingly high catalytic activity and also high temperature stability. The latter enables
their use at high reaction temperatures, which is advantageous especially in the conversion of
relatively unreactive substrates.

As is customary in the case of coupling reactions, the coupling reactions catalyzed by the
transition metal compounds according to the invention can be optimized by a multitude of

reagents, additives and promoters. For instance, Heck olefinations and Suzuki reactions are
accelerated typically by the use of an auxiliary base, for example tri-n-butylamine, sodium
acetate, potassium carbonate or cesium carbonate. Further customary additives or promoters
whose function can in some cases not yet be explained are, for example, tetraphenyl-
phosphonium chloride (Ph4PCI) or tetra-n-butylammonium chloride (BusNCI).
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The invention is illustrated by the examples which follow, without restricting it to the specific
embodiments mentioned:

Examples:
Example 1: Synthesis of N-alkylamidines

General method A

A baked-out and argon-purged Schlenk flask was initially charged with 60 mmol of a primary
amine and 40 mi of absolute tetrahydrofuran. The solution was cooled to 78°C, and 37.5 ml
(60 mmol) of n-butyllithium (1.6 M solution in n-hexane) were added dropwise with stirring. The
mixture was allowed. to thaw and stirred at room temperature for 30 minutes.

At -78°C, 60 mmol of the particular nitrile were slowly added dropwise with vigorous stirring. On
completion of addition, stirring was continued at -78°C for 1 hour, then the mixture was allowed
to thaw and hydrolyzed by adding 40 mi of methanol and 40 m! of water. The organic phase was

removed and the aqueous phase extracted using chloroform. The combined extracts were dried,
the solvent was distilled off and the residue was fractionated under reduced pressure.

General method B

0.15 mol of aromatic nitrile and 20 g (0.15 mol) of anhydrous aluminum trichloride were initially
charged. 0.15 mol of the primary amine were added dropwise with ice cooling. On completion of
addition, the mixture was heated to 180°C for one hour. The melt was poured slowly onto a
solution at 0°C of 5 mi of concentrated hydrochloric acid and 400 mi of water. After adding 5 g of
activated carbon, the mixture was stirred with cooling in a water bath for a further 20 minutes.
The solids were filtered off. The filtrate was poured into a vigorously stirred solution at 0°C of

55 g of sodium hydroxide in 300 ml of water. The aqueous phase was extracted using
dichiorohexane. The combined organic phases were dried, the solvent was distilled off and the

residue was fractionated under reduced pressure.
Example 2: Acylation of N-alkylamidines

General method A

20 mmol of N-alkylamidine were initially charged in 25 ml of 2 M sodium hydroxide solution. At
0°C, a solution of 19 mmol of acy! chloride and 10 ml acetone was added dropwise with vigorous
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stirring. Subsequently, the mixture was stirred at a temperature of less than 10°C for a further
1.5 hours. The precipitated product was filtered off with suction, washed with water and dried in
an oil pump vacuum.

General method B

10 mmol of N-alkylamidine and 10 ml of 2 M sodium hydroxide solution were initially charged. At
0°C. a solution of 9.5 mmol of acyl chloride and § ml of acetone was added dropwise with
vigorous stirring. Subsequently, the mixture was stirred at a temperature of less than 10°C for a
further 1.5 hours. The organic phase was removed, and the aqueous phase extracted using

chloroform. The combined extracts were dried and the residue was fractionated under reduced
pressure.

Example 3: Preparation of bis(N-pivaloyl-N'-n-butylbenzamidine)palladium(ll) chloride

26 mg (0.1 mmol) of N-pivaloyl-N'-n-butylbenzamidine and 19 mg (0.05 mmoil) of
bis(benzonitrile)palladium(ll) chloride were dissolved in 1.5 ml of dichloromethane. The solution
was covered with 10 mi of diethyl ether. Within a few hours, yellow, cuboidal crystals were
formed. The product was filtered off with suction, washed with diethyl ether and dried under air.

31 mg (0.044 mmol, 89% of theory) of bis(N-pivaloyl-N'-n-butylbenzamidine)paliadium(lil)
chloride were obtained.

Melting point: 227°C (decomposition)
Example 4: Preparation of bis(N-pivalolyl-N'-n-propylbenzamidine)palladium(ll) chioride

25 mg (0.1 mmol) of N-pivaloyl-N'-n-propyibenzamidine and 19 mg (0.05 mmol) of
bis(benzonitrile)palladium(ll) chloride were dissolved in 1 m! of chloroform. After 30 minutes, the
mixture was covered with 12 ml of diethyl ether. The solution was stored at 35°C. Yellow,
rhombic crystals were formed. After three days, the crystallization was complete. The product
was filtered off with suction, washed with diethyl ether and dried under air.

27 mg (0.04 mmol, 81% of theory) of bis(N-pivalolyl-N'-n-propylbenzamidine)paliadium(l!)
chloride were obtained.

Melting point 237°C (decomposition)
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Example 5: Preparation of bis(N-(4-methylbenzoyl!)-N'-n-propylbenzamidine)palladium(li)
chiorde

28 mg (0.1 mmol) of N-(4-methylbenzoyl)-N'-n-propylbenzamidine and 19 mg (0.05 mmol) of
bis(benzonitrile)palladium(ll) chloride were dissolved in 0.5 mi of chloroform. After 30 minutes,
2 ml of diethyl ether were added with stirring. The solution was covered with 10 m of diethy!
ether. Within from 3 to 5 days, the product crystallized out. The crystallization was terminated
after two weeks. The product was filtered off with suction, washed with diethyl ether and dried
under arr.

27 mg (0.040 mmo!, 81% of theory) of bis(N-(4-methylbenzoyl)-N'-n-propylbenzamidine)-
palladium(ll) chloride were obtained in the form of yellow, rodlike crystals.

Melting point 204°C (decomposition)

Example 6: Catalysis of the Heck reaction

The Heck couplings were carried out under standard reaction conditions where are described In
the literature. To carry out the coupling reaction, a solution of aryl bromide and from 1.0 to

1.4 equivalents of olefin in the high-boiling solvent dimethylacetamide was admixed with

1.2 equivalents of auxiliary base and 2 mol% of catalyst. The reaction mixture was heated to
from 100 to 140°C. Samples were taken regularly for gas chromatography (GC), in order to
follow the progress of the reaction. After from one to seven days, the reaction was terminated.
The production yield was determined by GC using an internal standard (diethylene glycoil

di-n-buty! ether). The simple specimen substrates used were bromobenzene and styrene, and
the reaction product is unsubstituted trans-stilbene.

Phase transfer catalysts can act as promoters in pailadium-catalyzed coupling reactions. The
influence of tetra-n-butylammonium bromide (Bus;N*CI") and tetraphenylphosphonium chloride

(Ph,P"CI') on the yield of the coupling reaction was investigated in several experiments.

The Heck coupling was carried out at various catalyst concentrations, reaction temperatures and
in some cases with the addition of promoters. The substrates used were bromobenzene and
styrene, which were converted to stilbene. The auxiliary bases used were tri-n-butylamine (BusN)
and sodium acetate (NaOAc). An overview of several catalysis mixtures is given by table 1.

Table 1: Heck reaction using bis(N-pivalolyl-N'-butylbenzamidine)palladium(ll) chloride catalyst
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Yield
of olefin base conditions [%]

e e e e
_ NaOAc 100°C, 5 d < 1

5 | 1.4 NaOAc 140°C, 2 d 73
1 mol% of Ph,PCI

Equivalents Auxiliary Reaction

6 1.4 NaOAc | 140°C, 2 d 81

| 20 mol% of BusNCI I

Example 7: Catalysis of the Suzuki reaction

The coupling of bromobenzene and benzeneboronic acid (dihydroxyphenylborane) to biphenyi
was investigated. The typical reaction conditions were based on studies of the Suzuki reaction
which were taken from the current literature.

To carry out the Suzuki cross-coupling, @ mixture of bromobenzene and 1.2 equivalents of
benzenebaoronic acid in toluene was admixed with 2 equivalents of bis(N-pivaloyl-N'-butyl-
benzamidine)palladium(ll) chioride auxiliary base and as the catalyst. The reactions were carried
out at from 85 to 110°C. To monitor the progress of the reaction, samples were taken regularly
for gas chromatography (GC). After from 1 to 72 hours, the reactions were terminated. The
product yields were determined by GC using the internal standard diethylene glycol di-n-butyl
ether.

Table 2 summarizes the coupling experiments of bromobenzene and benzeneboronic acid to
give biphenyl under bis(N-pivaloyi-N'-butylbenzamidine)palladium(ll) chloride catalysis.

Table 2: Suzuki reaction of bromobenzene with benzeneboronic acid under bis(N-pivaloyi-
N'-butylbenzamidine)palladium(ll) chloride catalysis

- No. Catalyst Auxiliary Reaction Yield TON™*
concentration base conditions® [%]

1 0.4 mol% K,CO4 85°C. 1 h > 99 ' 250




PF 54100

4
S
6
7

| 8

9

0.5 mol%
3 0.1 mol%
0.1 mol%

0.1 mol%

0.1 mol%

0.1 mol%

0.0017 mol%

4.510° mol%

]

CA 02507000 2005-05-20

85°C, 24 h
K.COs 85°C, 72 h
Cs,COa, 85°C, 48 h
K,COs | 110°C, 24 h
K2COs ' 110°C, 4 h

K2CO3 110°C, 3 h

*) Coupling of 1.0 equivalent of bromobenzene and 1.2 equivaients of benzeneboronic acid,

use of 2.0 equivalents of auxiliary base;

**) Turnover number (TON) = mol (product)/mol (catalyst)

02
41
35
94

97

08

15

920
4100
3500
9400

58000

218000
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We claim:

1. An N'-substituted N-acylamidine-transition metal complex of the general formula |

LA
/lk X, -~ R
R? A |
Hoo
; n
M xm
where
M is a transition metal selected from the group of the metals Ni, Cu, Ru,
Rh, Pd, Os, Irand Pt
X is Cl, Br, trifiate, methanesulfonate or p-toluenesulfonate
m is 0, 1 or 2,
n is1,20r3
and the radicals are defined as follows:
R', R? are each a straight-chain, branched or cyclic hydrocarbon radical having

from 1 to 20 carbon atoms which may be mono- or polyunsaturated, an
aromatic radical having from 6 to 14 ring members which may be bonded
directly or via a C4- to Cg-alkyl or C»- to Ce-alkylene group, and the radicals
mentioned may bear one or more substituents selected from the group of
C,- to Cg-alkyl, C4- to C-haloalkyl, OR?, NR*R’, COOR®, Si(R)s, Si(R"),R°
halogen, aryl, C;-Cg-cycloalkyl,

R®, R® R® are each independently C4- to Cyo-alkyl, C,- to Cqs-aralkyl, Cg- to Cyp-amyl,
Cs- to Cg-cycloalkyl, Cs- to Cg-cycloalkyl in which one CH; group has been
replaced by O, NH or NR’,

R* R’ R R'"" are each independently hydrogen, straight-chain or branched C;- to Ci,-
alkyl, C;- to C,,-aralkyl, Cg- to Cyg-aryl, C;- to Cg-cycloalkyl or Cs- to Cs-

cycloalkyl in which one CH, group has been replaced by O, NH or NR,

878 KuS/cz December 4, 2002
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and R* and R® and/or R" and R'' may each together be -(CH,)y~-, where y
is an integer from 4 to 7;

R, R’ are each independently straight-chain or branched C;- to Cz-alkyl or C+~to
S C,o-aralkyl,
Ar is Cg-Co-aryl or hetaryl having from 5 to 10 ring members, and the radicals

mentioned may be substituted by C,- to Cg-alkyl, C,- to C4-haloalkyi,
NR'R"'". COOR®, Si(R"),, Si(R"),R®, OR® and/or halogen.
10
2. A transition metal complex of the formula | as claimed in claim 1 where M is a transition
metal selected from the group of Ru, Rh, Os, Ir, Pd and Pt.

3. A transition metal complex of the formula | as claimed in claim 1 where M is Pd or Pt
15 and m and n are each 2.

4. A transition metal complex of the formula | as claimed in any of claims 1 to 3 where

R' and R are each branched or unbranched C,- to C;2-alkyl, C+- to Cyo-aralkyi,
20 Cs- to Cip-aryl, and the radicals mentioned may be substituted by from
one to three halogen atoms and/or one or two C4-Cg-alkyil, trifluoro-
methyl and/or C;- to Ce-alkoxy substituents, and

Ar is Cs-Cyo-aryl or hetaryl having S or 6 ring members, and the radicals
25 mentioned may be substituted by one or more C,- to Cg-alkyl, C4- t0

Ce-alkoxycarbonyt, C,- to Ce-alkoxy, trialkyisilyl or diarylalkylsilyl and/or
trifluoromethyl substituents and/or halogen.

5. A process for preparing N’-substituted N-acylamidine-transition metal complexes of the
30 general formula | as claimed in any of claims 1 to 4, which comprises dissolving an
N’-substituted N-acylamidine ligand of the formula Il

O Ar

Rz/u\ JQ\N‘/R1 i

)
H

35 and a transition metal compound containing the desired central atom M according to

formula | in an organic solvent or in a mixture of different organic soivents and
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crystallizing the N’-substituted N-acylamidine-transition metal complex by adding a
further solvent different to the solvent or solvent mixture used initially.

6. A process as claimed in claim 5, wherein the first solvent used is a halogenated or

aromatic solvent or a mixture of different halogenated or aromatic solvents, and an
ethereal solvent or solvent mixture is added for crystallization.

7. The use of an N'-substituted N-acylamidine-transition metal complex of the formula | as
claimed in any of claims 1 to 4 as a catalyst.

8. The use as claimed in claim 7 for transition metai-catalyzed coupling reactions in which

at least one new bond is formed between two carbon atoms.

9. The use as claimed in claims 7 and 8 for transition metal-catalyzed olefination,

alkynylation, arylation or diaryl coupling reactions.
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