Pal | adi um( O) - di benzyl i dene acet one conpl exes The
invention relates to pall adiun(O0)-di benzylidene

acet one conpl exes PdX(dba)y and nethods 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 palladiun(0) conplex
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 ¢ Na2PdC 4 ( Takahashi) or PdCl 2 sol ution
(I'norganic Synthesis). The solution is al- lowed to
cool while stirring upon which the conpl ex
precipitates. The conplex is then collected by
filtration and washed first with water and then with
acetone. T. Wkai et al., J. Organonet. Chem 65, 253
(1974), discloses the synthesis of palladi un(0)

di benzyl i den ceto | exes as _Pd2(dba).3 x CHCI 3.
For this purEG@%‘?"E@@%?@VE@SB&afsgge(‘r?&'g'g’éﬁti on of
dba- NaQAc and net hanol. The m xture is stirred for 4
hours at 40C upon which the product precipitates and

is recrystallised in chloroform The chloroform

remai ns bound to the  conpl exes. r r mann/ Bra s
The iagaliiR folrteRas Falig BN OLPBE I 9eIns FPMRGKE A (be)y and methods
for thelpesdutiony thevedf.. Cdmplékds of tHi® Yk ate ased foe €-C ltoupsing treaxsions.

of Pd2(dba)3 x dba and refers to T. Ukai and Y.

Takahashi as nentioned above. Products that have been
Y. Takahashilgcstd Joarnar o it Clieraical Sauidtarthemtieal Gynrautications 1065 (1970)

and IBor@ARG SnirERGy 2F. 1RSI0 SBscie palGTRF O mR e B R

It is ppydliche i addihg Bddidmedcatate ()Ekt) @nd 2n &ibéss d¥iaibaddbdCPa.>= 3) to a hot
meth?{ml@{cﬁ\%g{?ﬂgg i'('&l%pésr&%zﬁoqs%) gpmggioea%éa%?c?és\}ntrqeesslsg.r ‘i’r?eegolution is al-
lowed to cool while stirring upon which the complex precipitates. The complex is then collected
by filtration and washed first with water and then with acetone.

T. Ukai et al., J. Organomet. Chem. 65, 253 (1974), discloses the synthesis of palladium(0)
dibenzylidene acetone complexes as Pd,(dba); x CHCI;. For this purpose, PdCl; is added to a
hot solution of dba-NaOAc and methanol. The mixture is stirred for 4 hours at 40°C upon which
the product precipitates and is recrystallised in chloroform. The chloroform remains bound to the

complexes.

Herrmann/Brauer, Synthetic Methods of Organometallic and Inorganic Chemistry, vol. 1, 160
(1996) describes the synthesis of Pd,(dba)s x dba and refers to T. Ukai and Y. Takahashi as
mentioned above. Products that have been reproduced accordingly are contaminated by sub-
stantial insoluble fractions.

M.C. Mazza, C.G. Pierpont, Inorg. Chem., 12, 2955 (1973) describes the synthesis of Pd(dba);
X CsH 6-



The products described in the literature have not been
fully characterised. Accordingly, neither the

pal | adi um content of the conpounds nor the conposition
are described exactly in the pre- ceding literature
reference. The underlying reagon is presumably the
inability to purify the prod- uct for lack of a
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Pd,(dba)x CHeClsol vent. M C. Mazza and C. G Pierpont (Ilnorg.
Chem, 12, 2955 (1973)) conclude that there exists a
reversi ble series of Pd-dba conpl exes: Pd2(dba) 3,
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cedm@&ﬂ)&&}aturé I'aﬁei’eBwnThesmaeidjlng irmtsaii isqoequneably the inability to purify the prod-
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anal ysi s and di ssolution of the Pdx(dba)y conpl exes
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23.2 eQrplS5e%esnd 13.11% respeetively.i al to obtain a crystalline
product at high yield that has hi gh purity and can be
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uctio e _conpoun I'S a SO cr'ucl al
metatdmnpiww[?@(dtia)g}ﬁbaas nehe exad shand3d{dbd)e. Regar di ng t he
purity, it is absolutely crucial that the conpound
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fractl ons and, in particular, netallic Pd are not -
In thealarge-sdalecpriodudiionofj thecallgdiga Gitdihenzylisiene @setene complexes, it is essen-
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to filtyation.tRor obstedfidiend iptadudtiordéfidbe cgmpeladst is@éstocanecial to keep the drying
times as short as possible. Regarding the purity, it is absolutely crucial that the compound con-
tains no or only small quantities of insoluble fractions when it is dissolved, e.g., in CHC or aro-
matic hydrocarbons. This ensures that all of the Pd present in the product is available for the
catalytic application of the product. Insoluble Pd-containing fractions and, in particular, metallic
Pd are not available in homogeneous catalytic processes. Contaminants of this type are there-

fore undesirable.

It is the object of the invention to increase the purity of palladium(0)-dibenzylidene acetone
complexes, to minimize the insoluble fractions for this purpose, and, in particular, to prevent the
addition-complexation of chlorinated hydrocarbons.

In order to meet this object, Pd(dba), having smaller insoluble fractions is provided by reacting a
Pd-containing educt, in particular Pd salt, with dibenzylidene acetone and sodium acetate in
alcohol. For this purpose, dibenzylidene acetone in alcohol is provided, in particular dissolved,
and heated to 57°C. The Pd-containing educt, in particular Pd salt, e.g. PdCl,, H,PdCl,,



conpl exes, to mnimze the insoluble fractions for
this purpose, and, in particular, to prevent the

addi ti on-conpl exati on of chlorinated hydrocarbons. In
order to nmeet this object, Pd(dba)2 having snaller

i nsoluble fractions is providgd by reacting a

Pd- contai ning educt, in particular Pd salt, with
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Pdédbz 2.I AF%org_ilaﬁglquy the insoluble fractions are
ppm pRdiRrelsyably af lesy a @"?M.% in particular 1 wt.%.
Hal ogen- containing, in particular
Accondingptoi the inventicni, palfagljunt(0)yibenzididenecadederiecctim plexals wdthta palladium
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acetdmalim gleohol dothieaeadctorgamichieating teB0°C. sdtd+eorttainiag @edustein. particular Pd
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sal, g3 bt iy gidn 2ich Neafagt BE PGk e LeN ugoniip v socium
acetaté is%mided narjacobolediyl incordert to Ipescipitatesthe podhucpepfithershction. The precipitated
o LSRR 5 R8P e BATeB56%  bAoum sp, anc
dried dro vaduexat 409G .t TheaC H@dinsatliblentontaminants 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,, HoPdCl,, (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),.

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-




content of 19 to 23 wt.% in particular 20 to 21 w.%

are provided by providing di benzylidene acetone in

al cohol in the reactor and heating to 60C. A

Pd- cont ai ni ng educt, in particular Pd salt, e.g.

H2PdCl 4, (NH4) 2Pdd 4, K2PdCGi 44 Na2Pdd 4, or Pdd 2, is

then dissolved in this. Sodium acetate is added, and

. cooled, Jn order .to preci at e ct
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w.% The high palladiumcontent is acconpanied by a
hlgh fraction of Pd2(dba)3. According to the
i nvention, palladiun(0)-dibenzylidene acetone
th a palladium content of 13 to 17 wt. %
Compa N Sxdmpic 515 to 16.5 wt. % are provi ded, by heati ng
dlbenzylldene acetone in aIcohoI to 50C before adding
hesid Hing rjan 28¢ 11 %1(193Q) chl ori de,
e. g. PdCl 2, H2PdCI 4 (NH4)2PdCI 4, Na2Pdd 4 or
The sypihesis s catied aub undet @ed gas. 2109fed (HNTB mimolrRA@: ansh0.686 g (11.73
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subj ected to f||trat|on mashed flrst wi t h al cohol and
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hi gh fraction of Pd(dba)3. According to the invention,

PdX(dba)y conpl exes who are contam nated by | ess than
The filtrae solptiest is transferred taeg S00 i three-meckedifflask ysing 293 ol wEmethanol,

0

and H&a te%Gb:E; aAtg@Lg nﬁ)geor% ugér:htelnéagr?ts %g?&gﬂé@ég%ﬁgnfg H@n§ ScﬁoTe are
addeauddeprargcm dhen she additiorTbiel 7585 gl (214 9%0mol) pbémesacetate is made.

Pd(dba) 3, Pd(dba)2, and Pd2(dba)3 have been produced.

The stoichionetry of the Pd.(dba)y conplexes is
A voluthimoe$, geddishe salideae ¢hoitatésn SBbsetmieRtl? thkbeepstiorGoixtiae & ¢opéed to room

temp%)éﬁ{i[ges' S&roéléc‘?‘}’sr\'%g%?éi@ Bgflfl:r%&“ 5% \'ivgsﬂe'?i%lg'nagbd:ml 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 chioroform 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 %
CHCls-insoluble ingredients: 1.4 %



The synthesis is carried out under inert gas. 2.096 g
(11.73 mmol ) PdC 2 and 0.686 g (11.73 mol) NaCl are
provi ded under argon, and 59 ml of nethanol are added.
Next the reaction mxtures is stirred over night for
18 hours in the sealed flask.5Then 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 m three-necked flask using
Anal@8&3 nml  of nethanol and heated to 60C. At this
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The product s réenoved by fiTtration and washed with

300 mM of nethanol, 300 mM of water, and 300 m of
acetone. The product is dried in vacuo at room
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e product are dissolved in 150 M of
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dium BcEtate i8maeCAIVBILYASSLE, re-BE!i%h dofi$ prbepitaesounts for 1.4
% Result: n(product) 4 g Yield with respect to

Pd: 94 % CHC 3-insol ubl e ingredients: 1.4 %5
Subség@ntl§ the réXttibnixtuled afbved toldobb room temperature. The product is re-

moved by filtration and washed with 50 | of water and 50 | of acetone. The product is dried in

vacuo at room temperature.

Appearance: dark-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 ml 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 5.6 4.9

Actual 20.8 68.08 5.93 4.92




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 Commun. 1065 (1970)) The
synthesis is carried out under inert gas. 1.55 kg
(6616 mmol ) di benzyl i dene acegone, 657.9 g (2208 nmol)
Na2PdCl 4, and 56 | nmetha- nol are heated to 57C in the

Ex reactti n flask. Then, the addition of 1.47 kg (17920
—m#%*#—ﬁo- di um acetate is nade. A vol um nous, reddish
The syolthedispwacigriiédibwtunderiner gas.r8aoyml df intetharat verenprovided inethe reac-

o a3 S e Sod Pratad R St GkEna oupER i BpBRiibene acetone

and 31495 §01.24® 4 Faic ¢ 1. GrremolTPa) N [RHDL] wese alddeeldn the preserce ofitain argon
flow room tenperature. Appearance: dark-brown solid

‘Sol ubility test: 1.00 g of the product were dissolved
in 150 m of chloroformand stirred for 30 m nutes at

Then 9%@,90{93 er%h% Eyd%ﬂ% N% qulcg{glgeo\&g@ qﬁggﬁ E%{I'\aﬁtrggctitogg'r%u re at 57°C.
After@bolif terroam derﬁﬁermur@fthasmtevWQsMcmd)sfeammmel ryixtlire aldbwed to
standto5" 7t Fhic T, B Spimenfis TS St BB TRO Pe T wes ce-
cantddbaridthe SbBondt masnemtmmbmmi ﬁfgﬂaayh\irfgrﬁwtloﬂl:(li:eﬂdan%/ fully demin-
eralis';ri]iiavl@{érl S‘1 A1gto[b@ free J)foﬁa(g {'h@ procht asWaes [ag t\/\}itﬁa/JO n]ﬂgdf%vater (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 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 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




Actual 20.8 68.08 5.93 4.92 6 Experinment | The
synthesis was carried out under inert gas. 300 ml of
nmet hanol were provided in the reac- tion flask under
argon and heated to 57C. Then 8.245 g (35.2 nmol)
di benzylidene acetone and 3.495 g (1.248 g Pd, 11.7
mmol Pd) Na2[ PdCl 4] were added in the presence of an
Exp IS flow Then, 7.80 g (95.1 mmol ) anhydrous
ate were added to the reaction mxture at 57C.
The #fntiessis0osd ¢arded OutlaRANEKBETMMEAtIUELcept fOf thd rebEtidn bERy carried out at
wi tched off %the m xture allowed to stand for 1.5
asla 'n%%'ﬁp?\ﬁ&lfﬂo?ﬁ Goroduct sedi mented. The super nat ant
not her |iquor was de- canted and the product was
Res 1xﬁ_shed with 300 m of washing solution (nethanol /
Ily dem n- eralised water 1/ 1) to be free of
m(prd@uct): 7.08g product was washed with 70 nl of water
. (chlo- ride test: negative) and subsequently wi th 300
Y'e'dﬁq'phcf?s%%cé?%ﬁ‘é g}m‘b%zoo m of petroleumspirit. The
CHCRisdiuble watedibnts2®.20%er ni ght in vacuo at 40C

Appear ance: reddi sh-brown solid Solubility test: 1.00
g of the product were dissolved in 150 m of
Analygig:orof orm and stirred for 30 mnutes at room

tenperature——The solut Lon-—was—aspirated through a

menbr ane fipldt[é‘r]. Theq‘t'ﬁter wa shed with® 30| m of
The&ktealand 39381 0 acefione, [ andsighe 1)1 egognas

ubsequently dried over night at 45C |in vacuo.| The
Pd?d@@?zdue accounted|{for 0% Result: m(product): 6.4 ¢
Actaf! d WITHh feesgpect tq2lxy. 9p. 498 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%
CHCls-insoluble ingredients: 0.2%




CHCI 3-i nsol ubl e ingredients: 0% Analysis: Pd [%4 C
[ O[99 H[Y9 Theoretical 18.5 71 5.6 4.9 Pd(dba)?2
Actual 18.6 70.81 5.66 4.85 7 Experinent 2 The
synthesis was carried out as in Experinent 1, except
for the reaction being carriegl out at a starting
tenperature of 50C. Result: n(product): 7.05 g Yield
AnaIWi‘t-h respect to Pd: 92.4 % CHC 3-insol uble
ANaYS¥r edients: 0.2 % Analysis: Pd [% C[% 0 [% HI[%
Theor et i[calPd%)5 T1 < Bep. 9 Pcd:(p,b]a)z ActHiad] 16| 35
7247 - 5.75 502 Experyrent - 3—The-—synthesi-s—was
Theareticaly | out 188 i n Expe7r1| ment 1, 5§Xcept f of S he sanpl e
Pdiiang four tines lar- ger. The reactipn was carfied

out at 4 ot i ture of 60C | Result-
Actual 6 .53' ReT-eTRR 541 48

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): 25.0 g

Yield with respect to Pd: 96.2%
CHCl;z-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): 6.15 g

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



m(product): 24.682 g Yield with respect to Pd: 96.4%
CHCl 3-i nsol uble ingredients: 0.2% 8 Analysis: Pd [%
a9 0[9 HYW Theoretical 18.5 71 5.6 4.9 Pd(dba)?2
Actual 19.5 70.34 5.41 4.8 Experinment 4 The synthesis
was carried out as in Experingnt 3. The reaction was
carried out at a starting tenperature of 60C. Result:
oroduct): 25.0 g Yield with respect to Pd: 96.2%
'ﬂ’—a—ba-%?;-insol ubl e ingredients: 0% Analysis: Pd [% C
% 0 9 he ical] 1 71 6. 6Hf¢ Rd( dba) 2
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1

starting tenperature of 60C and bei ng mai ntai ned at
this tenperature for 5 mnutes; the cooling commenced
only thereafter. Result: m(product): 6.15 g Yield
with respect to Pd: 99.5% CHC13-insol uble
ingredients: 0.1%9 AnalysisyPd [%4 C[% O0[% H
[ Theoretical 18.5 71 5.6 4.9 Actual 20.2 69.33
5.6 4.9 10 Patent clains 1. I

Pal | adi um(0) - di benzyl i de ace Qne conpl exes
Pd,(dba)gF with y/x bei nE’afw qms o 3,

characterised in that the purlty of the conpl exes
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aceHacavterizedin mnememmyrdlrt]mgcdmpllsiw ;Fl‘b\lldedli@a%t ayatsegsi .50d.%, with re-
in_ that e rit f the conplexes provided is at
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fractions. 3. Palladi un( 0) - di benzyl i dene acet one

2? ﬂg%ﬁlaﬁﬁ O)acﬁﬁ%)rigﬂghgq% fc{q%k@@%)\ﬁ?(reg/abﬁalag ég{gh? c%araic?erised in

hytbatthe pinity of thé. coRipidx@e iprovide)d-is ableastydd Siwh%, Atk réspect to CHC-

cQ II e CCOI‘dI ng to claim3, characterised in that
tﬂﬁ%@t‘?jﬁ #®"Pess than 100 ppm hal ogenat ed

hydr ocar bons.

3. Palladium(0)-dibenzylidene acetone complexes according to claim 1 or 2, characterised

in that they contain less than 1 wt.%. halogenated hydrocarbons.

Palladium(0)-dibenzylidene acetone complexes according to claim 3, characterised in
that they contain less than 100 ppm halogenated hydrocarbons.

Palladium(0)-dibenzylidene acetone complexes according to claim 4, characterised in
that they contain less than 10 ppm halogenated hydrocarbons.

Palladium(0)-dibenzylidene acetone complexes according to any one of the claims 1 to
5, characterised in that the molar ratio of palladium to dibenzylidene acetone is in the
range of 1:1.5to 1:1.8.

Palladium(0)-dibenzylidene acetone complexes according to any one of the claims 1 to
5, characterised in that the molar ratio of palladium to dibenzylidene acetone is in the
range of 1:1.8 to 1:2.2.

Palladium(0)-dibenzylidene acetone complexes according to claim 7, characterised in
that the molar ratio of palladium to dibenzylidene acetone is in the range of 1:1.9 to
1:2.1.

Palladium(0)-dibenzylidene acetone complexes according to any one of the claims 1 to
5, characterised in that the molar ratio of palladium to dibenzylidene acetone is in the
range of 1:2.5to 1:3.



5. Pal | adi un{0) -di benzyl i dene acet one conpl exes
according to claim4, characterised in that they
contain less than 10 ppm hal ogenat ed hydrocar bons. 6.
Pal | adi um(0) - di benzyl i dene acetone conpl exes according
to any one of the clains 1 toq 5 characterised in
that the nolar ratio of pallaéluntto dlbenzylldene
ton t he ran f 1.1.5to
BCPr S RadaneD comierst Aacarang d2 A et aripF ieseding ciaas fog determin-
to.ngme QBleht@f"netrl}ﬂté?éﬁl darlsof eflemetdianalysisi sed in
that the nolar ratio pal | adi um to di benzyli dene
acetone is in the range of 1:1.8 to 1:2.2. 8.
1H>atnbmdu tor(tRe pdddbettbtwdflntﬁ(aaa)@@etnpeseewmlaem&omamwgcadmgt and
racterise

beiberiey Hene el ae 95 iagivehel darsrtenissdif heha spighophe doa in al-
1: dohI pre-hehtedt tb-méte thia 4('.ﬂ¢l Llsl BtdVidedifibst aaY thehethe PACEineiviing educt is

co exes accqrdin . f the clains 1

G Teag MeatechaoltoR Sbad MEich thg FamBleresaTe 2usqRitafes by a base.
dlbenzylldene acetone is in the range of 1:2.5to
1:3. 11 10. Use of Pd, (dba)y conpl exes according to
any one of the preceding clains for determn ing the
stoi chionetry thereof by nmeans of el enental analysis.
11. Method for the production of Pdx(dba)y conpl exes
froma Pd-containing educt and di benzylidene acetone
(dba) in alcohol, characterised in that a solution of
the dba in al- cohol pre-heated to nore than 40C is
provided first and then the Pd-containing educt is
added to the pre-heated sol ution upon which the
conpl exes are precipitated by a base.



