Pal | adi um(0) - di benzyl i dene acetone conpl exes The
invention relates to pall adiun(O0)-di benzyli dene

acet one conpl exes Pdx(dba)y and net hods for the
production thereof. Conplexes of this type are used
for CC coupling reactions. Y. Takahashi et al.

Journal of the Chem cal Society, Chem ca

Communi cations 1065 (1970) and Inorgani c Synthesis,

28, 110 (1990), describes a palladi um0) conpl ex
Pd(dba)2. It is produced by addi ng sodi um acet ate
(NaAc) and an excess of dba (dba: Pd >= 3) to a hot

nmet hanol i ¢ Na2PdCl 4 ( Takahashi) or PdCl 2 sol ution

(I norganic Synthesis). The solution is allowed to coo
while stirring upon which the conplex precipitates.
The conplex is then collected by filtration and washed
first wwth water and then with acetone. T. Ukai et

al., J. Organonet. Chem 65, 253 (1974), discloses the
synt hesi s of palladi un(0) dibenzylidene acet one
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nmet hanol . The m xture is stirred for 4 hours at 40C
upon which the product precipitates and is
recrystallised in chloroform The chloroformremains
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x(pH@ductlon of the paIIadlun(O) di benzyl i dene acet one
conpl exes, it is essential to obtain a crystalline
product at high yield that has high purity and can be
easily subjected to filtration. For cost-efficient
production of the conmpound it is also crucial to keep
the drying tines as short as possible. Regarding the
purity, it is absolutely crucial that the conpound
contains no or only small quantities of insoluble
fractions when it is dissolved, e.g., in CHC or
aromati ¢ hydrocarbons. This ensures that all of the Pd-
present in the product is available for the catalytic
application of the product. Insoluble Pd-containing



According to the invention, palladiun(0)-dibenzylidene
acetone conplexes wth a palladiumcontent of 19 to 23
wt.% in particular 20 to 21 wm.% are provided by
provi di ng di benzylidene acetone in alcohol in the
reactor and heating to 60C. Pd- cont ai ni ng educt, in
partlcular Pd salt, e.g. H2PdCl4, (NH4)2PdCl14,
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m nutes. The solution is then aspirated through a
menbrane filter. The filter is washed with 30 m of
wat er and 30 m of acetone and subsequently dried over
night at 45C in vacuo. The residue accounts for 1.4 %
Result: m(product): 6.4 g Yield with respect to Pd:
94 % CHClI 3-insol uble ingredients: 1.4 % 5 Analysis:



Pd [ C[%4 O [%4 H|[DM Theoretical 18.5 71.0 5.6 4.9
Actual 18.2 71.08 5.65 4.92 2.) Synthesis according
to Y. Takahashi et al (J. Chem Soc. Chem Conmun.
1065 (1970)) The synthesis is garried out under inert
gas. 1.55 kg (6616 mml ) di benzylidene acetone, 657.9
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tained is in the range of 1:2 + 0.1. By this means, the purity of palladium(0)-dibenzylidene ace-
tone complexes, relative to CHC-insoluble fractions, that can be provided is 99, preferably 99.5,
in particular 99.9 wt.%, with the predominant fraction presumably being Pd(dba),. Accordingly,
the insoluble fractions are reduced to less than 1 wt.%, in particular 1 wt.%o.. Halogen-
containing, in particular chlorine-containing, compounds are basically absent. Moreover, aro-
matic solvents are not included in the complexes. According to the invention, neither halogen-
containing nor aromatic solvents are used. Using pure starting products, contamination by CHC
or aromatic hydrocarbons are easy to keep at less than 1 wt.%, in particular at less than 100

ppm and preferably at less than 10 ppm.

According to the invention, palladium(0)-dibenzylidene acetone complexes with a palladium
content of 19 to 23 wt.%, in particular 20 to 21 wt.%, are provided by providing dibenzylidene
acetone in alcohol in the reactor and heating to 60°C. A Pd-containing educt, in particular Pd
salt, e.g. H,PdCls, (NH,),PdCl,, K,PdCl, Na,PdCl, or PdCl,, is then dissolved in this. Sodium
acetate is added, and cooled, in order to precipitate the product of the reaction. The precipitated
product is subjected to filtration, washed first with alcohol and then with petroleum spirit, and
dried in vacuo at 40°C. The CHC-insoluble contaminants account for less than 1 wt.%. The high

palladium content is accompanied by a high fraction of Pd,(dba)s.

According to the invention, palladium(0)-dibenzylidene acetone complexes with a palladium
content of 13 to 17 wt.%, in particular 15 to 16.5 wt.% are provided, by heating dibenzylidene
acetone in alcohol to 50°C before adding the Pd-containing educt, in particular as chloride, e.g.
PdCl,, H,PdCl,, (NH4),PdCl,, Na,PdCl, or K,PdCl,. Sodium acetate is added and the reaction
mixture is cooled in order to precipitate the product of the reaction, the precipitated product is
subjected to filtration, washed first with alcohol and then with petroleum spirit, and, lastly, dried
in vacuo at 40°C. The contaminants account for less than 1 wt.%. The low palladium content is
accompanied by a high fraction of Pd(dba)s.

According to the invention, Pd,(dba), complexes who are contaminated by less than 5 %o, pref-
erably less than 1 %o, of organic solvents or CHC-insoluble Pd fractions are provided. The re-



1.00 g of the product were dissolved in 150 nm of

chl oroformand stirred for 30 m nutes at room
tenperature. The solution was aspirated through a
menbrane filter. The filter was washed with 30 ml of
water and 30 ml of acetone and subsequently dried over
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Comparative examples

1.) Synthesis according to Inorganic Synthesis, 28, 110 (1990)

The synthesis is carried out under inert gas. 2.096 g (11.73 mmol) PdCl, and 0.686 g (11.73
mmol) NaCl are provided under argon, and 59 ml of methanol are added.

Next the reaction mixtures is stirred over night for 18 hours in the sealed flask. Then the dark
red-brown solution is filtered through a G3 frit under argon. No residue is evident on the frit.

The filtrate solution is transferred to a 500 ml three-necked flask using 293 ml of methanol,
and heated to 60°C. At this temperature, 8.563 g (36.54 mmol) dibenzylidene acetone are
added under argon. Then, the addition of 17.595 g (214.49 mmol) sodium acetate is made.

A voluminous, reddish solid precipitates. Subsequently, the reaction mixture is cooled to room
temperature. The product is removed by filtration and washed with 300 mi of methanol, 300 mi

of water, and 300 ml of acetone. The product is dried in vacuo at room temperature.

Appearance: dark-brown solid

Solubility test:
1.00 g of the product are dissolved in 150 ml of chloroform and stirred at room temperature for

30 minutes. The solution is then aspirated through a membrane filter. The filter is washed with
30 ml of water and 30 ml of acetone and subsequently dried over night at 45°C in vacuo. The
residue accounts for 1.4 %.

Result:

m(product): 6.4 g

Yield with respect to Pd: 94 %
CHCl;-insoluble ingredients: 1.4 %



6 Experinment 1 The synthesis was carried out under
inert gas. 300 m of nethanol were provided in the
reaction flask under argon and heated to 57C. Then
8.2459 (35.2 mmol) di benzylidene acetone and 3.495 g
(1.2489 Pd, 11.7 mmol Pd) Na2[ PdC14] were added in the
presence of an argon flow. Then, 7.80 g (95.1 mmol)
anhydrous Na-acetate were added to the reaction
Anglysitur e at 57C. After coollng to roomtenperature, the
Sstirrer was uncxoro mdyth tore afi ] to
stand for 12 %} M t he f)?? ct seg.! ent ed. The
sthseratisglant n’@c%er Ilqddro was de2lnted andhe pr oduct
VR aras ngd wi{gdy 300 7 qfg washi s of gt o gorrethanol  /
fully demineralised water = ill) to He free of |NaCl.
The product was washed with 70 ml of water (chloride
test: negative) and subsequently with 300 m of
acetone and 200 n1 of petrol eum SI rit. The pr oduct
fthy . | Al £J. Ghem. SosnEhemnGammun. 1065 (1970))
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Appearance: dark-brown solid

Solubility test:
1.00 g of the product were dissolved in 150 mi of chloroform and stirred for 30 minutes at room

temperature. The solution was aspirated through a membrane filter. The filter was washed with
30 mi of water and 30 ml of acetone and subsequently dried over night at 45°C in vacuo. The

residue accounts for 1.1 %.

Result:
m(product): 1053 g

Yield with respect to Pd: 93 %

CHCl;-insoluble ingredients: 1.1 wt.%

Analysis:
Pd [%] C [%] O [%] H [%]
Theoretical 18.5 71.0 56 4.9

Actual 20.8 68.08 5.93 4.92




Actual 18.6 70.81 5.66 4.85 7 Experinment 2 The
synthesis was carried out as in Experinent 1, except
for the reaction being carried out at a starting
tenperature of 50C. Result: m(product): 7.05 g Yield
with respect to Pd: 92.4 % CHgl 3-insol ubl e
ingredients: 0.2 % Anal ysi s: Pd [ C[%4 O[99 H

[Egoéerm%?'i etical Pd(dba)2 18.5

The synthesis was carried out under inert gas. 300 ml of methanol were provided in the reac-
tion flask under argon and heated to 57°C. Then 8.245 g (35.2 mmol) dibenzylidene acetone
and 3.495 g (1.248 g Pd, 11.7 mmol Pd) Na,[PdCl,] were added in the presence of an argon
flow.

Then, 7.80 g (95.1 mmol) anhydrous Na-acetate were added to the reaction mixture at 57°C.
After cooling to room temperature, the stirrer was switched off and the mixture aliowed to
stand for 1.5 h upon which the product sedimented. The supernatant mother liquor was de-
canted and the product was washed with 300 ml of washing solution (methanol / fully demin-
eralised water = 1/ 1) to be free of NaCl. The product was washed with 70 ml of water (chlo-
ride test: negative) and subsequently with 300 ml of acetone and 200 ml of petroleum spirit.
The product was dried over night in vacuo at 40°C.

Appearance: reddish-brown solid

Solubility test:

1.00 g of the product were dissolved in 150 ml of chloroform and stirred for 30 minutes at room
temperature. The solution was aspirated through a membrane filter. The filter was washed with
30 mi of water ahd 30 ml of acetone, and the filter was subsequently dried over night at 45°C
in vacuo. The residue accounted for 0%.

Result:

m(product): 6.4 g

Yield with respect to Pd: 95.4%
CHCls-insoluble ingredients: 0%

Analysis:
Pd [%] C [%] O [%] H [%]
Theoretical 18.5 71 5.6 4.9
Pd(dba),
Actual 18.6 70.81 5.66 4.85




71 5.6 4.9 Actual 16.35 72.47 5.75 5.02 Experinent 3

The synthesis was carried out as in Experinent 1,

except for the sanple being four tinmes larger. The

reaction was carried out at a-gtarting tenperature of

60C. Result: n(product): 24.682 g Yield with respect

96 4% CHCl 3-i nsoluble ingredients: 0.2% 8

Exp8rif@nt b 194 Gt 9%
The synthesis was carried out as in Experiment 1, except for the reaction being carried out at
a starting temperature of 50°C.

Result:

m{product): 7.05 g

Yield with respect to Pd: 92.4 %
CHClz-insoluble ingredients: 0.2 %

Analysis:
Pd [%] C [%] O [%] H [%]
Theoretical 18.5 71 5.6 49
Pd(dba),
Actual 16.35 72.47 5.75 5.02

Experiment 3
The synthesis was carried out as in Experiment 1, except for the sample being four times lar-

ger. The reaction was carried out at a starting temperature of 60°C.

Result:

m(product): 24.682 g

Yield with respect to Pd: 96.4%
CHCl;-insoluble ingredients: 0.2%



O[99 H[Y Theoretical Pd(dba)2 18.5 71 5.6 4,9
Actual 19.5 70.34 5.41 4.8 Experinment 4 The synthesis
was carried out as in Experinent 3. The reaction was
carried out at a starting tenperature of 60C. Result:
m product): 25.0 g Yield vvithgrespect to Pd: 96.2%

CHCI 3-i nsol ubl e i ngredients: 0% Anal ysi s:
Analysis:
Pd [%] C [%] O [%] H [%]
Theoretical 18.5 71 5.6 4.9
Pd(dba),
Actual 19.5 70.34 5.41 4.8

Experiment 4
The synthesis was carried out as in Experiment 3. The reaction was carried out at a starting
temperature of 60°C.

Result:

m(product): 25.0g

Yield with respect to Pd: 96.2%
CHCl;-insoluble ingredients: 0%

Analysis:
Pd [%] C [%] O [%] H [%]
Theoretical 18.5 71 5.6 4.9
Pd(dba),
Actual 19.2 70.55 5.59 4.96

Experiment 5§

The synthesis was carried out as in Experiment 1, except for the reaction being carried out at a
starting temperature of 60°C and being maintained at this temperature for 5 minutes; the cooling
commenced only thereafter.

Result:

m{product): 6.15g

Yield with respect to Pd: 99.5%
CHCls-insoluble ingredients: 0.1%



Pd [9%9 (J%4 O PA] Theoretical Pd(dba)2 18.5 71 5.6
4.9 Actual 19.2 70.55 5.59 4.96 Experinent 5 The
synthesis was carried out as in Experinment 1, except
for the reaction being carried out at a starting
tenperature of 60C and being maintained at this

Ankggperature for 5 mnutes; the cooling comenced only
—'lrg‘e‘reaft r. Result: m(product): 6.15 g Yield with

respect tjo PY:[%99. 5% CH®HI3-ijnsoPUMle i|ngrieifents: 0.1%
Theoretical 18.5 71 5.6 49
Actual 20.2 69.33 56 4.9




Anal ysi s: Pd [%9 c[%4 O [% I|-1 |ek] Theoretical
18.5 71 5.6 4.9 Actual 20.2 69.33 5.6 4.9 10 The
invention clainmed is: 1. A palladiunm(0)-dibenzylidene
acetone conpl ex Pdx(dba)y, wherein y/x ranges from1l.5
to 3, said conplex having a purity of at |east 99.5
w. %wth respect to chl orohydrocarboni nsol ubl e

Thd ha&dtb®BRimed is:

1. A palladium(0)-dibenzylidene acetone complex Pd,(dba),, wherein y/x ranges from 1.5 to
3, said complex having a purity of at least 99.5 wt. % with respect to chlorohydrocarbon-
insoluble fractions.

2. Palladium(0)-dibenzylidene acetone complex according to claim 1, which has a purity of at

least 99.9 wt. % with respect to chlorohydrocarbon-insoluble fractions.

3. Pailadium(0)-dibenzylidene acetone complex according to claim 1, which contains less
than 1 wt. % halogenated hydrocarbons.

4. Palladium(0)-dibenzylidene acetone complex according to claim 3, which contains less
than 100 ppm halogenated hydrocarbons.

5. Palladium(0)-dibenzylidene acetone complex according to claim 4, which contains less
than 10 ppm halogenated hydrocarbons.

6. Palladium(0)-dibenzylidene acetone complex according to claim 1, which has a molar ratio

of palladium to dibenzylidene acetone in the range of 1:1.5 to 1:1.8.

7. Palladium(0)-dibenzylidene acetone complex according to claim 1, which has a molar ratio
of palladium to dibenzylidene acetone in the range of 1:1.8 to 1:2.2.

8. Palladium(0)-dibenzylidene acetone complex according to claim 7, which has a molar ratio
of palladium to dibenzylidene acetone in the range of 1:1.9 to 1:2.1.

9. Palladium(0)-dibenzylidene acetone complex according to claim 1, which has a molar ratio
of palladium to dibenzylidene acetone in the range of 1:2.5 to 1:3.

10. A method comprising determining the stoichiometry of a Pd,(dba), complex by means of
elemental analysis, wherein the Pd,(dba), complex is a Pd(dba), complex according to

claim 1.



2. Pal | adi un(0) - di benzyl i dene acet one conpl ex
according to claiml1, which has a purity of at |east
99.9 wt. % w th respect to chl orohydrocarbon-insol ubl e
fractions. 3. Palladium0)idi benzyli dene acetone
conpl ex according to claim1, which contains |ess than
1 w. % hal ogenated hydrocarbons. 4.
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hydfogarkonsy, 1.2 2. 8. Pal | adi un{ 0) - di benzyl i dene acet one
conpl ex according to claim7, which has a nolar ratio
of palladiumto di benzylidene acetone in the range of
1:1.9 to 1:2.1. 9. Palladium0)-di benzylidene acetone
conpl ex according to claim11, which has a nolar ratio
.of palladiumto dibenzylidene acetone in the range of
1:2.5to 1:3. 10. A nmethod conprising determ ning the
stoichionetry of a Pdx(dba)y conpl ex by neans of
el enental anal ysis, wherein the Pdx(dba)y conplex is a
Pdx(dba)y conpl ex according to claiml1. 11 11.
Met hod for the production of a Pdx(dba)y conplex from
a Pd-contai ni ng educt and di benzyl i dene acet one (dba)
in al cohol, conprising first providing a solution of
the dba in al cohol pre-heated to nore than 40 C and
then addi ng the Pd-containing educt to the preheated
sol uti on upon which the conplex is precipitated by a
base. 12. Pall adi um(0)-di benzyl i dene acet one conpl ex
Pdx(dba)y, wherein y/x ranges from1l.5 to 3, said
conpl ex having a purity of at least 99.5 wt. %wth
respect to chl orohydrocarboni nsol uble fractions, and
said conplex containing less than 1 wt. % hal ogenat ed
hydr ocar bons.



