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The first preparation of dinuclear Pd (I)
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First preparation: Meilakh, E. and coworkers, Dorzady Akad. Nazth S.S.S.R. 1942, 36, 171.
Assigned the structure by IR spectra: Goggin, P. L. and coworkers, J. Chem. Soc. Dalton Trans. 1974, 0, 534.
X-ray crystallographic: Goggin, P. L. and coworkers, J. Chem. Soc. Dalton Trans. 1981, 0, 1077.

77 years ago

2019
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The first preparation of monomeric Pd (I)
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dinuclear Pd(I)
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Ozerov, O. V.
2016

Chaplin, A. B. and coworkers, Angew. Chem. Int. Ed. 2016, 55, 3754.
Ozerov, O. V. and coworkers, Chem 2016, 1, 902.
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The first preparation of different kinds dinuclear Pd (I)
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20191942
dinuclear Pd(I)
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Pd
X
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~ 59%

others
~ 16%

The proportion of Pd (I) species
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2. Synthesis of dinuclear Pd (I) complexes
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The first example of (μ-allyl)(μ-X)Pd2L2
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X
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X = Cl, Br, I, S, Se,
OO
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Pd BrPPh3

LiAlH4
Pd HPPh3 -

[Pd-PPh3]
excess PPh3

Pd(PPh3)4

Proposed mechanism

Pd BrPPh3

Pd
Br

PdP PPh3Ph3
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+

2 euqiv.

MeO OMe

PtBu2
NaOH

MeOH, 25 oC
Pd

ClL
Pd

Cl
PdL L

95% yield

+ HO

Milstein, D. and coworkers, Organometallics, 2004, 23, 3931.

L

Pd
ClCl

Pd

Me

Me

Pd
ClIPr

Pd
Cl

PdIPr IPr
R

R

IPr =
N N

iPr

iPr iPr

iPr

yields: R = H, 83%; 1-Me, 87%; 1-Ph, 83%; 2-Me, 78%
2-Ph, 91%; 2-tBu, 80%; 2-OMe, 85%; 2-CN, 94%

Pd ClIPr

or

Pd ClIPr

1.3-5 equiv. K2CO3

MeOH or EtOH
25 oC or 40 oC, 0.5-3 h

Pd
Cl

PdIPr IPr Pd
Cl

PdIPr IPr

or

82% yield 85% yield

Hazari, N. and coworkers
J. Am. Chem. Soc. 2014, 136, 7300.
Beilstein J. Org. Chem. 2015, 11, 2476.
ACS Catal. 2015, 5, 3680.
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Pd
SPhPhS

Pd

Kurosawa, H. and coworkers, Organometallics, 1995, 14, 5450.

Pd
SPhCy3P

Pd
SPhPhS

Pd
L

Pd
SPhL

L

isolated

Pd
SPhPhS

Pd

PdL2 + SPhPd
S

PdL L

Ph
L = PPh3, P(OMe)3

PCy3 
2 equiv.
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Werner, H. and coworkers, Angew. Chem. Int. Ed. 1975, 14, 185.

Pd PdL L

The first preparation of Cp-allyl sandwich dipalladium (I)

+ PPh3
Toluene

N2, r.t., 3 h

Me

+
Me

2 2

or isomer
Me

Pd

L = PEt3 (76% yield), IPr (50% yield)

Hazari, N. and coworkers, Organometallics 2013, 32, 4223.

IPr =
N N

iPr

iPr iPr

iPr

L = PPh3 (85% yield), P(OMe)3, P(OC6H5)3
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Pd PdL L
R

R

[Pd(2-RC3H4)Cl]2 + L
2 equiv.

yields: R = H; L = PMe3 (75%), PEt3 (79%), PPh3 (57%), 
IPr (40%), SIPr (84%), IMes(42%), IiPr (39%),

R = Me; L = PMe3 (52%), PEt3 (84%), PPh3 (67%), IPr (29%)

IPr =
N N

iPr

iPr iPr

iPr

SIPr =
N N

iPr

iPr iPr

iPr

IMes =
N N

Me

Me Me

Me

IiPr = N N
iPr iPr

Hazari, N. and coworkers, J. Am. Chem. Soc. 2011, 133, 3280.

Me Me

Pd(2-MeC3H4)2 + PdL2 Pd PdL L

L = PiPr3, PCy3

Me

Me

Werner, H. and coworkers, J . Organomet. Chem. 1979, 179, 421.

Yields not report

Jolly, P. W. and coworkers, Angew. Chem. Int. Ed. 1985, 24, 283.
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Pd PdIPr IPr

2 equiv. Li indenyl
PdCl2(RNC)2

C6H6, r. t.
Pd PdRNC CNR

yield: R = tBu, 2,6-Me2C6H3 (62%), 2,4,6-Me3C6H2
2,4,6-tBu3C6H2 (51%)

Pd ClIPr

2 equiv. Li indenyl

-35 oC to r. t., Et2O

Kobayashi, K. and coworkers, J. Organomet. Chem. 1991, 410, C25.

IPr =
N N

iPr

iPr iPr

iPr

Hazari, N. and coworkers, Organometallics, 2013, 32, 5114.

85% yield
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The first example of (μ-X)2Pd2L2
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3. Reactions involving dinuclear Pd (I) complexes
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Pd Pd
P PiPr3

iPr330 min, r. t.
• When X = ClPd

X
PdP PiPr3

iPr3

X = Cl, Br

Pd
Cl

PdP PiPr3

R

R =

iPr3

Pd
Br

PdL L
CO or CH3CN

X Cp

Pd Pd
L L

C
X

Br Cp

X = O, NMe
L = PiPr3, PEt3

Pd
Br

PdEt3P PEt3 Pd Pd
Et3P PEt3

SBr CpSO2
O2
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Pd PdP PiPr3
iPr3

HX
Pd

X
PdP PiPr3

iPr3

X = SPh, OAc

30 min, r. t.

Pd PdIPr IPr
HX

Pd
X

PdIPr IPr

X = SPh, Cl, OAc

30 min, r. t.

+

+

Pd PdL L

Pd MeL

MeI

I2

Pd
IL

+

Pd IL
Pd

IL
+

R = Me; L = PMe3, PPh3, P(O-o-Tol) 3
R = tBu; PPh3, P(O-o-Tol) 3

R = Me; L = PMe3, P(O-o-Tol) 3
R = tBu; PPh3

22
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Sn
8 mol% Pd(PPh3)4

33 atm CO2, 70 oC, 24 h

Sn
O

O

nBu3

nBu3

Sn
O

O

nBu3

+
90% yield

10% yield

Nicholas, K. M. and coworkers, J. Am. Chem. Soc. 1997, 119, 5057.
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0.001 mol% PdCl2(dppe)
0.01% mol% methylalumoxane

Janiak, C and coworkers, Macromol. Rapid Commun. 2002, 23, 16.

DCM, 25 oC, 5 min

0.024 mol% [Pd]
0.024% mol% methylalumoxane

Al
O

Al
O

Al
O* *

methylalumoxane

Zhang, L. and coworkers, Organometallics 2010, 29, 5766.

Pd
Cl

PdP PtBu3

Me
tBu3Pd =

toluene, 25 oC, 5 min

100% convertion

2.2% convertion

n

n



EPh Pd
E

PdCy3P PHCy3

Ph

OAc Pd PdCy3P PCy3

OO

Me
Pd(PCy3)2

Yamamoto, A. and coworkers, J. Am. Chem. Soc. 1981, 103, 5600.

Pd
ClIPr

R
+ KOiPr

R = H, Me, Ph

R +

KCl

O

[Pd-IPr]

Pd
ClIPr

R

Pd
Cl

PdIPr IPr

R

Less reactive form
of Pd in catalysis

ArX Pd-IPr
Ar

X

catalytic
cycle

Hazari, N. and coworkers, J. Am. Chem. Soc. 2014, 136, 7300.
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Pd
PtBu3Br

1 equiv. 9-iodoanthracene

THF-d8, r. t., 3 h

Br

Pd
PtBu3I

THF-d8, r. t., 3 h

Br

Br
Pd

Br
PdP PtBu3tBu3

PdBr2, PtBu3

THF-d8, r. t., 3 h

<3% yield

0% yield

Pd
PtBu3I

THF-d8, 50 oC, O/N
I

Pd
I

PdP PtBu3tBu3 +

Schoenebeck, F. and coworkers, Chem. Sci. 2013, 4, 4434.

I

Br
Pd

Br
PdP PtBu3tBu3

I
Pd

I
PdP PtBu3tBu3

THF, r. t., 3 h

Br

92% yield

I/Br halogen exchange
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I Br

solvent, T oC, t h

0.4 equiv. [Pd]
10 equiv. nBu4NBr

entry [Pd] solvent T (oC) t (h) yield (%)

Pd2(dba)3 / PtBu3

Pd2(dba)3 / PtBu3

Pd2(dba)3 / PtBu3

Pd2(dba)3 / PtBu3

Pd(PtBu3)2

Pd(PtBu3)2

1

2

3

4

5

6

THF

THF

toluene

toluene

Pd(PtBu3)27

THF

toluene

toluene

25

25

35

35

25

25

35

19

48

42

42

19

42

42

1

5

0

8

3

0

7
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I Br

57

THF, r. t., t h

Br
Pd

Br
PdP PtBu3tBu3

x equiv.

y equiv.

x equiv.

1

2

yield (%)

64

y equiv.

4

4

entry

1

2

3

4

1

1

0.5

1

t (h)

1.5

1.5

0.5

0.5

28

25

28



:THF = 1:1 instead of THF

I Br

10 equiv. nBu4NBr
THF, 35 oC, 20 h

I
Pd

I
PdP PtBu3tBu3

25 mmol%

8.8 equiv. was added

entry change in conditions yield (%)

/1

2

3

62

74

77

[Pd] = Pd(PtBu3)2 or Pd(PPh3)4

I Br

conditions

0.4 equiv. [Pd]
1 equiv. iso-propyl iodide

10 equiv. nBu4NBr
toluene, 35 oC, 16 h

10 mol% AIBN
10 mol% nBuSnH
10 equiv. nBu4NBr

benzene, 80 oC, 16 h

0% yield

conditions A conditions B

29
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Proposed mechanism
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C-SeCF3 coupling
(The first catalytic method to convert aryl iodides into the corresponding ArSeCF3) 
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LnPd(0)

Air-sensitive
Strategies for recovery:

polyethylene-bound Pd
metal scavengers
specialized cindition (biphasic,
ionic liquids, supercritical CO2)
Poisonous Pd ate complexes
No chemoselectivity in C-Br 
vs C-OTf vs C-Cl

I
Pd

I
PdP PtBu3tBu3

Robust & air-stable
Straightforward recovery
Pd(I) catalysis cycles
Avoidance of poisonous complexes from Pd(II)
I/SR exchange at oxidation state (I).
Chemoselectivity in C-Br

vs.

I
Pd

I
PdL L

Nu
Pd

I
PdL L

Nu-

Nu
Pd

I
Pd

L L

I

I-

Nu
Pd

Nu
PdL L

or/and

ArI

R

Ar Nu
LnPd(0) Ar-X

R
LnPd

X

SR
LnPd

X

SR
Pd

SR

Ar

Ln

Challenge in Pd(I): electron-rich nucleophiles could potentially reducing the Pd(I) entity to Pd(0)

Schoenebeck, F. and coworkers, Angew. Chem. Int. Ed. 2018, 57, 12425.
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OTf

Cl

Br

Rapid & Fully Selective Functionalization ?

Library of diversely & densely functionalized arenes !

37

C-C coupling
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I
Pd

I
PdP PtBu3tBu3R

+
ZnCl

1.5 equiv.

2.5 mol%

25 min, NMP, r. t., Ar R
Cl

Ph
NO2

75% yield

SiMe3

OMe
60% yield

N
N

nBu

OMe
76% yield

CHO

Me
Me

73% yield

o-Tol

CHO
95% yield

N

Cy

71% yield



OTf

Br

R Cl

Br

R

OTf

Cl

R

I
Pd

I
PdP PtBu3tBu3 R

R
R

OTf

Br

R
ZnCl, THF, r. t., 5 min

ZnCl, r. t., 5 min

then NMP added
S

ZnCl, NMP, r. t., 10 min

ZnCl, r. t., 5 min

then slowly addition of: Ph
SiMe3

OTf

Cl

R

ZnCl, THF, r. t., 5 min

ZnCl, r. t., 25 min

then NMP added SCl

Br

R

N

Me
Me

78% yield

61% yield

66% yield
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Cl
OTf

Cl

Br

ZnCl, r. t., 25 min, Ar

I
Pd

I
PdP PtBu3tBu3

ZnCl, THF, r. t., 5 min

ZnCl, r. t., 10 min

open flask
then NMP added

open flask

NTfO

ClBr

N

S Ph

Br

OTf
Cl

Me

SiMe3

F

Cl

OTf

Br
Ph

Ph

F

Schoenebeck, F. and coworkers, Angew. Chem. Int. Ed. 2018, 57, 12573.

77% yield
63% yield

57% yield

40
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Polymerization reaction

Monomer 1

Monomer 2

Catalyst 1

Catalyst 2

n

Polymer 1

n

Polymer 2

MgXX
n

B(OR)2X
n

ZnXX
n

Kumada Suzuki Negishi

• Pd, Ni
• Air-sensitive catalyst
• 0.5~24 h at 0 oC~80 oC

Current approach specific catalyst for single polymer
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BrBr

1. nBuLi, ZnCl2
2. Catalyst, THF, r. t., time

I
Pd

I
PdP PtBu3tBu3

Catalyst

n

N
n S n

O

O
n

O

entrypolymer catalyst
loading (%)

time
(min)

Mn
(Kg/mol)

Mw
(Kg/mol) PDI

1

2

4

5

7

8

0.5 0.5 24.3 52.3 2.15

0.005 30 51.0 98.9 1.94

0.5 30 13.1 23.8 1.82

0.005 30 15.4 25.8 1.66

open flask

open flask

0.5 1 44.3 80.1 1.806

0.5 2 23.1 43.2 1.86

0.5 0.5 9.3 18.0 1.94 open flask

9 0.5 1 5.9 7.2 1.20

note

Schoenebeck, F. and coworkers, 10.1002/anie.201903765

Pd(CH3CN)2Cl2
PtBu3

0.005 20 h 53.1 123.1 2.323



4. Summary
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PtBu3
Pd
PtBu3

[PF4]
PtBu3

Pd
PtBu3

[HCB11Cl11]

Pd
I
PdPh3P PPh3

Pd PdPh3P PPh3

R

X
Pd

X
PdP PtBu3tBu3



Thanks for your attention !
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