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SYNTHESIS OF PALLADIUM(0) PHOSPHINE COMPLEXES

Cross-Reference {0 Related Applications

[0601]  The present application claims the benefit of prionty of U5, provisional
patent application no. 63/377,558, filed on September 29, 2022, and U.S. provisional

patent apphication no. 63/481,731, fled on January 26, 2023, wherein both of their

entire content is incorporated herein in il entirety.
Field of Invention

10002} Provided is an optimized process for the synthesis of palladium(0)

phosphine complexes such as e.g. bis(iri~ert-butylphosphinepalladium(0}.

[0603]  The synthesis process starts from commercially available paliadimn{ll}
corpounds, which are reduced io palladium{0) complexes in situ by addition of
excess phosphine igand. The obtained palladium(0} complex is then purified in situ
by e.g. precipilating and washing, and isolated with high vield and purity. The
synthesis process does not require the addition of reducmg agents such as, for
example, alkali metal hydroxides or alkali metal alkoxides, i particular, for exanple,
sodium hydroxide or sodivm methoxide (which may be prepared from sodium
hydroxide in methano! under controlled conditions). Furthermore, the svothesis

process can be carried out in a single reaction vessel as 8 one-pot reaction.
Background

[G004]  Over the past decades, palladivm-catalyvzed cross~-coupling reactions have
emerged ed as one of the most powerful tools in organic synthesis. %% Although both
PA(H) and P(0) complexes can facilitale the cross-coupling catalysis, it 15 well
established that L.Pd(0} (n = number of ligands) is the active species in the catalytic
cvele.’¥ Due to practical and safety reasons, there is an increasing interest in using
preformed {RaPHPA(0) catalvsts for cross-coupling reactions. '™ Various methods
of preparation have been reporied 1 literature, which etther fack generality or employ

tedious 1solation technigues.

[G005]  For example, bis{tni~fert-butviphosphinelpaliadium{0)} 15 a popular catalyst

for cross-coupling reactions in both academia and industry synthetic chemistry
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commmmities. Methods o produce this material typically involve air sensitive Pd{0}
starting materials such as Pd{dba); originally by the Hartwig group® and modilied by

others™>® or from P&(1L) allyl compounds, )

(00061 Improved methods have been developed that use an air stable PA(I) source,
but these require an additional reducing agent such as sodium hydroxide,® (%

hydrogen."V or bis{pinacolato}diboron under controlled conditions.*?

[0607] The synthesis process according to the present imveniion uses a
palladium(iT) compound, such as e.g. dichloro(l,5-cyclooctadiene)palladium(l}, as
the starting materials. which is reduced to Pd{0) in situ by addition of excess
phosphine ligand and then purified by e g. precipitating and washing to obtain the
destred product m high vield and punity {e.g. > 87% vield, > 98% purity} froma
single flask. Unlike previously reported methods, this process does not rely on PdA{(0)
starting materials'”"¥, temperature sensitive palladium alkene dimers as starting
materials*” or additional reducing agents under controlled conditions including fow
temperature synthesis of intermediates, ©-02)

[0008]  Colacot et al ™Y reported a synthesis in which 1 equivalent of dibromo{1,5-
cvclooctadiene)palladiumdll) is reacted in a two-step, synthesis with 2 equivalents of
NaQH in MeCOH as a solution and 2 equivalents of tri-fers-buiylphosphine ligand in
toluene at low temperature. The synthesis of MeONa from NaQOH and MeQH is a
very exothermic process which needs o be carried out separately under controlied

conditions The reported 1solated vield 1s ca 95%.

00091 Colacot et al. " reported in a mechanistic study on the formation of bis(tri-
reri-buiyiphosphine)palladium{G} from dibromo(1,5-cyclooctadieneipailadiumy(il} and
3 equivalents of tri-fers-butylphosphine a vield of 71% and 95% purity with 5% of the

corresponding palladium(l) bromide dimer.

[0610]  Hence, there 1s stitl a continuous need o develop improved syntheses for
palladivm{0) phosphine complexes, especially bis{tri-rers-butylphosphinejpalia-
divm{D), relatively easily using ambient conditions, which are characierived by a
more efficient reaciion control, comparable isolated vield and purity, the use of
readily available starting matenials, and savings in reaction time and steps, thereby

offering increased sustainability.

]
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Summary

(00111 The present invention provides a process for synthesizing a palladionm(()

phosphine complex, wherein said process comprises the following steps:

{a) reacting a palfadium{(Il} compound with about 3 or more equivalents of a
phosphine ligand to obtain a palladium(0} phosphine complex, wherein the

equivalents are based on the amount of palladium{ll}; and

{b} 11y situ prrification of the paliadium(0} phosphine complex obtained in step

{ak
(00121  The present invention further provides a palladiunmy0} phosphine complex

obtainable by the process according to the present invention.
Brief Description of the Figures

[0013] None

Detailed Description

[0014] Herein is described a process for synthesizing a palladium{0} phosphine

complex, wherein said process comyprises the following steps:

() reacting a palfadium{Il} compound with about 3 or more equivalenis of a
phosphine ligand to obtain a palladium(0) phosphine complex, wherein the

equivalents are based on the amount of palladium{ll}; and

{b) i sity purification of the palladium(0) phosphine complex obtained in step

{a).

[0015] The process for synthesizing a palladium{C} phosphine complex described
herein overcomes the problems with conventional processes for synthesizing
palladium(0) phosphine complexes and thereby provides a powerful scalable new
synthetic route towards catalvsts based on palladium{$) phosphine complexes,

especially geared for the produciion of bis{tri-reri-butyviphosphine)paliadium(0},

fad
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which is a commercial catalyst witlized for many organic transformations.
10016]  The process described herein provides the following advantages:

[0617]  The process makes use of air stable PA(I} starting maternials rather than
air/temperature sensitive Pd precursors. The process does not require any additional
reducing agents as the additional equuivalent of phosphine is used as a reducing agent.
In particular, the process does not require any basic reducing agents such as, for
example, alkall metal hydroxides or alkali metal alkoxides, in particular, for example,

sodivm hydroxide in MeQH or sodium methoxide.

[OG18]  The entire process can be completed 1 a single reaction vessel as a one-pot
reaction. The process invoives only a one-step reaction to obtain a palladivm{0)
phosphine complex from the starting materials, foliowed by simple in situ purification
via preferably precipiiation and washing. This means that the product 1s formed
directly in a one-step reaction and no tntermediates occur, making the process more
robust. The one-step reaction can be carried out a room temperature {about 20 °C to
about 25 °C) versus low temperature synthesis or cryogenic cryvstallization, e.g.

at -30 °C. This is followed by simple in situ purification.

[0619]  The process can utihize tetrachloropalladate(f!) salts of lithium, sodium,
potassium Or anymnonium as starting material, which are inexpensive Pd(l}} sources
and have less impact on the environment. Altematively, PA(ll) compounds such as,
for example, (RCNBLPEX: (R= Mg, Ph, etc.; X = {1, Br, I}, Pd(olefin)3 {olefin =
norbomadiene, cvclooctadiene, ete.; X=CI, Br, ), | Pd{r-ally) X}, (X= 1, Br, 1), elc.

can be used.

[0620] The process provides high vigld and purity compared to literature known

processes even al larger scale.

100211 Tn swmmary, the process described herein provides a more efficient reaction
control, allows the use of more readily available and cheaper starting matenials, and
saves on reagents and energy, thereby offering increased sustainability when

compared to literature known processes. Besides 1 is more robust for scale up.

[0U221  In apreferred embodiment of the present invention, the palladiumdil}
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compound is represented by Formula (1), (1), GID, V) or (V)

_ i 4
Pdiix, MoPdiX aprdix, TP, A“Pd[\x:ﬁPd”mA
Formula (Y Formula B Formula {1y Formula (IV) Formula {V}
wherein:

M is an alkali metal cation or ammonium cation, preferably selected from Li%
Na', K", Rb", Cs" and NH.", more preferably selected from Li', Na' and NHs', and

most preferably selected from Na' and NH4';

X is a halogen anion, preferably selected from CI, Br and I, more preferably

selected from €I and Br, and most preferably Ci7;

(15 a cyvclic diene, preferably selected from 1,5-cvcloociadiens and

bicyelo[2.2 1hepta-2,5-diene;

T is a nutrile, preferably selected from acetonitrile and benzoniinile, or an

olefin, preferably ethvlene; and

A 1s an alkene, preferably selecied from an allvl compound, crotyl compound

and cinnamyl compound, more preferably selected from allvl, crotyl and cinnamyvl.

100231 Tn amore preferred embodiment of the present invention, the palladium(Il)

corapound 1s represented by Formuda (O, D, 0D, AV or (V)

~X .
Pdl'X, MoPd! X4 QPdX, TP, A“Pdi\xj;Pd""A
Formula (b Formula g Formuda (I Formula (V) Formula (V)

wherein:
M is selected from Li*, Na®, K', Rb", Cs" and NH, ™
X is selected from I, Broand 1

Q) 1s selected from 1,5-cyclooctadiene and bicyclo|2.2 1thepta-2, 5-diene;
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T is selected from acetoniinile, benronitrile and ethylene; and

A s selected from an allvl compound, crotyl compound and cinnamyl

compound.

100241 In apasticolarly preferred embodiment of the present invention, the

palladium{ll} compound 1s represented by Formulda (5, (1), (D, Vior (V)

X
P, MoPdX, QPd, TP, Adei‘\X:‘;Pd”mA

Formula () Formula (I}  Formula (1) Formula (V) Formula (V)
wherein:
M is selected from LiT, Na© and NH,™;
X is selected from CI and Br;
3 s selected from 1,5-cveloociadiene and bieyclo|2.2 1 hepta-2,5-diene;
T is selected from acetonitrile and benzonitriie; and

A is selected from an allvl compound, crotyl compound and cinnamyl

compound.

100251 In a most preferred embodiment of the present mvention, the palladium(il}

compound is represented by Formuda (1), (1), (L), (JV)yor {V):

5 .
FaX, MoPalXy Qrd'X; TPAX,  A-Pd Tpdi-a
X

Formuia () Formula (I}  Formula (i Formula (V) Formula (V)
wherein:

M is selecied from Na" and NHy";

Xis {1

3 1s selected from 1,5-cvelooctadiene and bicyclo|2.2. 1thepta-2, S-diene;
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T 13 selected from acetonitrile and benzonitrile; and

A is selecied from allvl, crotvl and cinnamyvl.

PCT/US2023/073550

[0026]  Preferred palladium{Il} compounds are:
(4-1) Pdicl,
U-2) Pd'Br,
(-1 NaPd'Cl,
(5-2) Nagpd”au
(H-1)
(11-2)
(1-3)
(H-4)
(1v-1) Me~CN
PdiCH,
Me—CN
(Iv-2} Me—CN
Pd'Br,
Me—CN
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(IV-3) Ph=CN
rdlcl,
Ph—CN
(TV-4) Ph~CH
“Pd'Br,
Ph—CN
(V-1) -Cl \
‘ i—palt T S pgfi—!
« \Ci/ ,
(V-2) < Br \
(Pl \Pd“m\:>
\Br/ ,
{(V-3)
4 C .
—pdll TPt
. \Ci/ .
(V-4)
i’ ‘:‘/ r\ it N
—pdl CPgh—
Br
(V-5) Ph
""‘“‘“P(}“/Citpdnwé
\ ey ;
FH
(V-6) Ph
. ~Br.
L o PR} ™~ I
: PQ\B{/F‘Q‘
PH
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(00271 More preferred palladium(ll) compounds are:
4-1) PdiCt
f1-1 i~y
(H-1) Na.PdiCly
(-1
1-1) f/p\ Ll
L\I Pdi’\
v T
(111-3) -
\Pd“m
K‘K/ ~ci
{v-1) Me“CE\i
“palc,
Me—CN
{IV-3}3 Fh—CN
Pdcy,
Ph—CN
{(V-1} SO
Pl i,,,Pos‘- g
(V-3)
¢ /Gi °©
—pdl  Tpdi—
. \Ci/ ;
(V-5) /Ph
, e
P! \Pd”m>
~o
FPh
[0028]  In apreferred embodiment of the present invention, the phosphine ligand is
p p

represenied by Formula (V1) and the palladium{0) phosphine complex is represenied

Q
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by Formula (Vi)
\ by
PR, <R3P?;Pd
Formula (V1) Formula (VI
wherein:

R i3 at each occurrence independently from each other selected from alkyl,
cvcloalkyl, arvl, and alkyiaryl, which are optionally substituted, preferably Ris at
gach occurrence independenily from each other selected from Ci-Cio aliyl, C3-Cyo
cvcloalkyl, Ce-Cig aryi, and Cr-C s alkylaryl, which are optionally substituted by one
or more subsittuents selected from F, CL, CN, and ~-SO:M, wherein M is an alkah
metal cation or ammonium cation, more preferably R is at each occuwrrence
independently from each other selecied from C1-Cs adkyl, U5-Cs cycloalkyvl, Co-Cro
arvl, and Cr-Cyy alkvlaryl, which are optionally substituied by one or more
substituents selected from F, CL CN. and -SOsM, wherein M is selected from L%,
Na',K', Rb', Cs' and NHy', most preferably R is at each occurrence independently
from each other selecied from methyl, ethvl, propyl, butyl, pentyl, cvclopropyl,
cyclobulyl, cvclopentyl, cyclohexyl, phenyvi, and tolvl, which are optionally
substituted by one or more -80:M, wherein M is selected from Li", Na™ and NH4";

and
mis 2, 3 or 4.

[0029]  In amore preferred embodiment of the present invention, the phosphine
hgand is represented by Formuda (V1) and the palladium(0} phosphine complex is

represented by Formula (Vi)

{ Voo
PR, KRgP ijd
Formula (VhH Formula (ViD)

wherein:

R i3 at each occurrence independently from each other selected from Ci-Cuo

aikvl, Cs-Cio cycloalkyl, Ce-Cug arvl, and C5-Cis alkylasyl, which are optionally

10
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substituted by one or more substituents selected from F, Cl, CN, and -SO:M, wherein

M 18 an alkali metal cation or ammoniym cation; and
mis 2, 3ord

100301 In aparticularly preferred embodiment of the present invention, the
phosphine Hgand is represented by Formula (V1) and the palladium(0) phosphine

complex is represented by Formula (Vi)

G
PR, <R3Ptpﬁ

Formula (VD Formula (Vi)
wherein:

R is at each occurrence independently from each other selected {rom C1-Cs
alkyl, C3-Cs cycloalkyl, Co-Cro arvi, and C-Cry alkylarvl, which are optionally
substituted by one or more substituents selecied from F, CL, CN, and -SO:M, wherein
M is selected from Li*, Na*, K', Rb', Cs' and NH,'; and

mis 2, 3 or4.

1060311 In amost preferred embodiment of the present invention, the phosphing
higand 15 represented by Formula (V1) and the palladium{0) phosphine complex s

represented by Formula (Vi)

\ o
n
Formula (V1) Formula (Vi

wherein:

R is at each occurrence independently from each other selected from methyl,
ethyl, propyl, butvl, pentyl, cyvelopropyl, cvelobutyl, cvclopentyl, cvelohexyl, phenyl,
and tolyl, which are optionally substituted by one or more -80:M, wherem M s

selected from Li*, Na* and NHy"; and
mis 2, 3ord

It
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100321 A very most preferred phosphine ligand according to Formula (V} is:

P(fBu)s

[0033] A very most preflerred palladiim{0) phosphine complex according to

Formula (V1) is:
({Bu),P—Pd"—P(1Bu)y

[0034]  In apreferred embodiment of the present invention, in step {a) the
palladium(il} compound is reacted with 3 or more equivalents of the phosphine ligand
o obtain the paliadium(0) phosphine complex, wherein the equivalents are based on

the amount of palladium(Ii).

[0035]  In amore preferred embodiment of the present invention, in step {a) the
palladiom{IT) compound 1s reacted with about 3 to about 6 equivalents of the
phosphine ligand to obtain the palladium(0} phosphine complex, wherein the

squivalents are based on the amount of palladiom(il}.

100361 In an even more preferred embodiment of the present invention, in step {a)
the palladium{ID) compound is reacted with 3 10 6 equivalents of the phosphine higand
to obtain the palladium(0) phosphine complex, wherein the equivalenis are based on

the amount of palladium{il}.

[0037]  In a most preferred embodiment of the present invention, in step (a} the
palladiom(IT) compound is reacted with about 3 to about 4 equivalents of the
phosphine higand to obiain the palladium(0) phosplune complex, wherein the

equivalents are based on the amount of palladiom(l),

[0038]  In an even most preferred embodiment of the present invention, in step (a)
the palladium(l) compound is reacted with 3 to 4 equavalents of the phosphine ligand
to obtaim the paliadium(0) phosphine complex, wherein the equivalents are based on

the amount of palladium{il}.

10039  In a preferred embodiment of the present invention, step {a) is carried out at

12
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room temperature.

100407 In a preferred embodiment of the present invention, siep {a) is carried out at

a temperature between about 20 °C 1o about 25 °C.

100411 In apreferred embodiment of the present invention, step {a) is carried out in

an aromatic hydrocarbon solvent.

(00421 In amore preferred embodiment of the present invention, step (a) 1s carried

out in toluene.

[0043]  In apreferred embodiment of the present invention, in step (b) the
palladium(0) phosphine complex obtained in step {a) 1s purified by preciptiating from
a {irst solvent and washing with a second solvent, wherein the first solventis a
hvdrocarbon and the second solvent is an alcohol. Preferably, the first solvent is a Us-
Cia aromatic hydrocarbon. More preferably, the first solvent is benzene or toluene.
Most preferably, the first solvent is tolucne. Preferably, the second solvent is a Ci-Che
alcohol. More preferably, the second solvent is selected from methanol, ethanol,

propanol and butanol. Most preferably, the second solvent ts methanol.

[0044] In apreferred embodiment of the present invention, precipitating from the

first solvent is performed by adding the firsi solvent.

100451 In apreferred embodiment of the present invention, precipitating from the

first solvent is performed by adding the second solvent.

[0046]  In apreferred embodiment of the present invention, washing with the second

solvant is carried out at a femperature between about -20 °C {0 about 20 °C.

(06471 In a more preferred embodiment of the present invention, washing with the

second solvent is carried out at a temperature between about 20 °C to about -10 °C.

[0048]  In amost preferred embodiment of the present invention, washing with the

second solvent is carried out at a fenperature of about -10 °C.

(00491 In a preferved embodiment of the present invention, washing with the second

13
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solvent is repeated until a clear and colorless filtrate is obtained.

FOG50]  In a preferred embodiment of the present invention, step (b} is carried out
twice or more Himes in successton. In a more preferved embodiment of the present

mvention, siep (b) 1s carned oul twice or three times in succession.

100511 In a preferred embodiment of the present invention, the process for
synthesizing a palladium(0) phosphine complex is carried out in a single reaction

vessel,

100521  In apreferred embodiment of the present invention, the process for
synthesizing a palladiom{0} phosphine complex does not involve the addition of basic
reducing agents such as, for example, alkali metal hydroxides or alkail metal

alkoxades, m particular, for example, sodium hvdroxide or sodivm methoxide.

100537  The present mvention further relates to a palladium(0} phosphine complex

obtamable by the process for synthesizing described herein above.
Definitions

100541 Ag used herem, the terro “about” or “approximately”, when used in
connection with a measurable numerical variable, refers to the indicated value of the
variable and to all values of the vaniable that tare within the experimental error of the
indicated value {(e.g., within 93% confidence limit for the mean} or within + 10%,

preferably + 5%, of the indicated value, whichever is greater.

[O055]  As used herein, the tevm “/Bu” refers to a rer/-butyl group, 1.e. a branched

alkyi group of formula (<Cals), which mav also be written as (+U{{THs %),

(06561 As used herein, the term “alkyl” refers 1o a saturated hydrocarbon chain,
such as, but not lumtled to, methyl, ethyl, propyl and butvl The alky! group may be
straight-chain or branched-chain. For exarople, as used hersin, propyl encompasses
both n-propyl and iso-propvl; butvl encompasses n-butyl, sec-butyl, iso-butvl and rers-

butvl, and s¢ forth.

(06571 As used herein, the term “cyveloalkyl” refers to a saturated hydrocarbon

cvclic group, such as, but not limited to, evclopropyvl, evelobutyl, cyclopentyt and

14
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cyclohexyl Also included are bridged saturated hydrocarbon (poly)evclic groups such

as, but not limited to, adamantyl.

[0058]  Ag used heretn, the term “aryl” refers to an aromatic hy drocarbon group.
Arvlincludes, e.g., phenyvl, iphenyl, naphthvl, anthracenvl, and so forth, as well as

the substituted forms of each.

[0059]  As used herein, the term “allyl” refers to a substituent with the structural
formuda R-CH~CH=CH,, where R is the rest of the molecule or H. It consists of a

methylene bridge {(-CHa-) attached 1o a vinyl group (-:CH=CH>)

[O660]  As used herein, the term “crotyl” refers to a substituent with the structural
formula R-CH:-CH=CH-CH;, where R is the rest of the molecule or H.
Systematically, 1t is called a but-2-en-1-vl group and exhibits geometric isomerism,

bemg either cis (£} or rans (&),

(00611 As used herem, the term “cinmamyl” refers to a substituent with the
structural formula R-CH>-CH=CH-Ph, where R 1s the resi of the molecule or B
Systematically, it is called a 3-phenylprop-2-envi group and exhibits geometric

isomerism, being either cis (7) or frans (7).

[0062]  “Substituted” as used herein means that one or more hydrogen atoms of the
described corapound or functional group 15 replaced with another functional group, or
substituent. For example, substituted phenyl may include one or more substituents in
place of any hydrogen atom on the phenyl ring. In some embodiment, there may be
one substituent at the ortho, mera or para position. In other embodiments, there may
be substituents at both ort/io positions or both mera positions. In still other
embodiments, the optionally substituted phenyl may inchide substituents at, e.g., both
the orthe and para positions, or both meta and para positicns. In some embodiments
with muliiple substituents, the substituents are all the same, in other embodiments
with multiple subsittuenis, the substituents are different {rom each other. Typical
substituents include, but are not Himit o, C1-Cy alkyl, Ci1-Cs haloalkyl and 1-Cy

alkoxy. When a functional group is described as “optionally substituted” that
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functional group may have one or more substituents or no substituents.
Examples

100631 Example 1. Synthesis of Bis{tri-fers-butylphosphine}palladium{(}) from

Dichloro(1,5-cyclooctadiengypaliadium(il)

1 1.} P(iBu);, toluene, rt, 2h '/
rl N _.OF 2 purification with MeOH and toluene A\ %,

E /Pd\c: o EﬁpmpdeN

[0064]  Dichloro(l,5-¢cyclooctadiene)palladium(lf}, 99% (10.00 g; 35.03 mmol; 1.00

eq.) was added to a flask with a stir bar and a thermometer or thermocouple probe. 1t
was purged with nitrogen for 30 minutes. A 1 molar solution of tri-ters-
butviphosphine, 98% (22.68 g; 112.08 mmol; 3.20 eq.) in toluene was added to the
flask via nitrogen pressure cannula transfer or syringe. The reaction mixture was

stirred for 2 hours at room temperature {20-25 °C).

100651 Degassed methyl alcohol {anbhydrous, 99 8% (126.00 mi}) was added to the
flask and the reaction mixture was allowed to stir for 20 — 30 minutes. Then, the
reaction mixture was cooled to -10 1o -20 °C and the solids were allowed 1o setile,
The liquid was filtered away with a canula and i was washed with more methanol
until the filirate is clear and colorless. Then, foluene {anhvdrous, 99.8% {75 ml} was
added to the flask and it was stirred at S5-60 °C for 30 min. The reaction mixture was
allowed 1o cool to at least 30 °C and degassed wethyl alcohol {anhydrous, 99.8%
{120.00 ml)) was added to the flask. The reaction mixture was allowed to stir for 20 -
30 minutes. Then, the reaction mixture was cooled 10 -10 to -2¢ °C and the solids
were allowed to setile. The hiquid was filtered away with a canuia and 1 was washed
with more methanol until the filtrate is clear and colorless. The slurry was transferred
onto a Schlenk filter under vacuum for filtration. The white solid product was dried

under inert conditions.

[0666]  Yield 87%, purity: > 98%. TH NMR (Cel¥s, 500 MH2): &= 1.51 {1, 34H)
ppm. 31BLIHY NMR (CeDe, 202 MH2z): 6 — 84.8 ppm
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100671 Example 2. Synthesis of Bis{iri-fers-butylphosphineipalladium{(}} from

Dnchloro(norbomadienepalladium(3}

100681 The procedure of Example 1 was repeated using
dichloro(norbornadienspatladium{il}, 99% (2.00 g; 7.42 nmumol; 1.00 eq.) instead of
dichloro(1,5-cyclooctadiene)palladium{il}. The quantitative ratios and volumes of the
used reagents and solvents were adjusted accordingly. The desired product was

obtained in 80% vield.

[00691  Example 3. Synthesis of Bis{in-fers~-buiyiphosphineipalladium{0} from

Bis{acetonitrie}dichloropalladium(il}

[0070]  The procedure of Example 1 was repeated using
bis{acetonitrifeidichloropaliadiumdil}, 99% (2.00 g, 7.71 mmol; 1.00 eq.) instead of
dichloro{l,5-cyclooctadienepalladium(ll). The quantitative ratios and voluoes of the
used reagents and solvents were adjusted accordingly. The desired product was

obtained in 70% vyield.

160711 Example 4. Synthesis of Bis{iri-feri-buivighosphinejpalladium{0} from

Bis{benzonitrile)dichloropalladium{il)

(06721 The procedure of Example 1 was repeated using
bis{benzonitrile}dichloropalladium(il}, 99% (2.00 g; 5.21 mmol; 1.00 eq.) nstead of
dichloro{1,5-cyclooctadiene)palladium{il}. The guantitative ratios and volumes of the
used reagents and solvents were adjusted accordingly. The desired product was

obtained in 78% vield.

100731 The examples provided herein are not meant to limit the scope of the

mvention as set forth in the claims.

17
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We claim:

1. A process for synthesizing a palladium{0} phosphine complex, wherein said

process comprises the following steps:

{a) reacting a palladium{il} compound with about 3 or more equivalents of a
phosphine ligand to obtain a palladium(0} phosphine complex, wherein the

equivalents are based on the amount of palladium{ll}; and

{b} in situ purification of the palladium{0} phosphine complex obtained in step (a).

2. The process according to claim 1, wherein the palladivmn{Il} compound is

represented by Formula (1), (4, L), (IVyor (V)

. . ‘_,.X
Patx, MoPd'x, QPatix, TPdX,  A-Pd! >Pd”-A
X
Formula (Y Formula (I Formula (1) Formula (IV) Formula (V)
wherein;

M is an alkal metal cation or anymionimm cation;
¥ 18 a halogen anion;
Q is a cvclic dieng;
T 1s a mtrile or an olefin; and
A is an alkene.
3. The process according to claim 2, wherein:
M is selected from Li", Na', K, Rb", Cs" and NH4 ™,
X is selected from I, Broand I
{J is selected from 1,5-cyclooctadiene and bicyclo[2.2. 1 hepta-Z, 5-diene;

T is selected from acetonitrtle, benzonitrile and ethviene; and

20
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A is selected from an allyl compound, crotyl compound and cinnamyl

compound.
4. The process according to claim 2, wherein:
M is selected from LiT, Na© and NH, ™
¥ is selected from Cl and Br;
(} i3 selected from 1,5-¢cycloociadiens and bicyclo]2.2 1 hepta-2,S-diene;
T 1s selected from acetontinle and benzonitrile; and

A i3 selected from an allvl compound, crotyl compound and cinnamyl

compound.
5. The process according to claim 2, wherein:
M is selected from Na' and NH";
Xis Cl
(15 selected from 1,5-¢cyclooctadiene and bicyclo|2.2 1 hepta-2, 3-diene;
T is selected from acetonitrile and benzonitnle; and
A s selected from allyl, crotvl and cinnamyl

6. The process according 1o one or more of claims 1 1o 3, wherein the phosphine
hgand 1s represented by Formuda (V) and the palladium{0) phosphine complex 1s

represented by Formula (Vi)

PR, <R3P}Apd0
m
Formula (V) Formula (VD

wherein:

R 18 at each occurrence independently from each other selected from alkyl,

cycloalkyl, aryl, and alkyiaryl, which are optionally substituted; and

21
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mis 2, 3or4d
7. The process according to claim 6, wherein;

R is at sach occurrence independently from each other sefected from C+-Cig
alkyl, Cs-Cyo cvcioalkyl, Ce-Cry arvl, and C9-Cys alkylaryl, which are optionally
substituted by one or more substituents selecied from F, CL, CN, and -SO:M, wherein

M is an alkali metal cation or ammonium cation; and

g. The process according {o claim 6, wherein:

R is at each occurrence independently from each other selected from Ci-Cs
aikvl, C3-Cs evcloalkyl, Co-Cro arvl, and C+-Cui alkylawvl, which are optionally
substituted by one or more substituenis selected from F, C1, N, and -SO:M, wherein

M is selected from Li", Na*, K", Rb", Cs* and NHy"; and
mis 2 3ord
9. The process according to claim ¢, wherein:

R is at each occurrence independently from each other selected from methyi,
ethyl, propyl, butyl, pentyl, eyclopropyl, evclobutvl, evclopentyl, eyclohexyl, phenyl,
and tolyl, which are optionally substituted by one or more -S0sM, wherein M 13

selected from Li'. Na' and NH:™; and
mis 2, 3 or 4.

10, The process according to one or more of claims 1 to 9, wherein in step (a) the
palladiom(IT) compound 15 reacted with about 3 to about 6 equivalents of the
phosphine ligand to obtain the palladium(0) phosphine complex, wherein the

equivalents are based on the amount of palladrum{l),

11 The process according to one or more of claims 1 t0 9, wherein in step {a) the
palladivm{Il) compound is reacted with about 3 to about 4 equivalents of the
phosphine ligand to obtain the palladium{0} phosphine complex, wherein the

equivalents are based on the amount of palladiuun(ii}.
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12, The process according to one or more of claims 1 to 11, wherein step (a} is

carried out at room temperature.

13, The process according to one or more of claims 1 {0 12, wherein step (a} is

carried out at a femperature between about 20 °C to about 25 °C.

14, The process according to one or more of claims 1 {0 13, wherein step (a} is

carried out in an aromatic hydrocarbon solvent.

15, The process according to one or more of claims 1 to 14, wherein step (a) is

carried out in toluene.

16, The process according o one or more of claims 1 to 13, wherein in step (b} the

palladium(0) phosphine complex obtained in step (a) is purified by precipitating and

washing.
17. The process according to one or more of claims 1 1o 16, wherein in step (b) the

palladium{0) phosphine complex obtained in step (a) 1s purified by precipitating from
a first solvent and washing with a second solvent, wherein the first solventis a

hvdrocarbon and the second solvent is an alcohol.

18. The process according to claim 17, wherein the first solventis a Cs-Cua

aromatic hydrocarbon.

19, The process according to claim 17, wherein the first solvent is benzene or
icluene.

20.  The process according to claim 17, wherein the first solvent s toluene.
21, The process according to claime 17, wherein the second solvent is a Ci-Cye
alcohol,

22, The process according to ciaim 17, wherein the second solvent is sclected

from methanol, ethanol, propancl and butanol.

23, The process according to claim 17, wherein the second solvent is methanol.
24, The process according to one or more of claims 17 10 23, wherein precipitating

from the first solvent is performed by adding the second solvent.
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25, The process according to one or more of claims 17 to 24, wherein washing
with the second solvent is carried out at a temperature between abowt -20 C to about

20 °C.

26, The process according to one or more of claims 17 to 24, wherein washing
with the second solvent is carried out at a temperatire between about -20 °C to about
-10 °C.

27. The process according (o one or more of claims 17 to 24, wherein washing

with the second solvent is carried out af a temperature of about -10 °C.

28. The process according to one or more of claims 17 to 27, wherein washing

with the second solvent is repeated until a clear and colorless filtrate 1s obtained.

29. The process according to one or more of claims 1 to 28, wherein the process 1s

carried out in a single reaction vessel.

30, Palladinm{0) phosphine complex obtainable by the process according to one

or more of claims | 0 29,
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