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The first preparation of dinuclear Pd (I)

- 2
o v &
Pd Pd +
c” ¢ ‘ci | 2NHs
I
(@]
Meilakh, E.
1942
1 /7yearsago @
2019
Z 2-
. SN
PdCI4(NHa) concentrated HCI cl’ ‘9’ ‘o | 2NHa
(@]

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.
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The first preparation of monomeric Pd (1)

Ilthu3 + FI)tBu3 +
Pd [PFal ||| Pd [HCB14Clq4]
PtBU3 PtBU3
Chaplin, A. B. Ozerov, O. V.
2016 2016
3 years ago
° y g I [ )
1942 2019
dinuclear Pd(l) mononuclear Pd(l)
-
Fe |[PFaI PBu; I*
| &
= _||Pa | PFd
1,2-difluorobenzene P'Bus;
r.t.,2h
FI>tBu3 Chaplin, A. B.
Pd ——via one-electron oxidation
PtBU3 Z
F|>tBu3 +
[Ph3C]J[HCB41Cly4] Pd [HCBCly(]
fluorobenzene PBu,
-(Ph3C),
Ozerovy, O. V.

Chaplin, A. B. and coworkers, Angew. Chem. Int. Ed. 2016, 55, 3754.

Ozerov, O. V. and coworkers, Chem 2016, 1, 902.



The first preparation of different kinds dinuclear Pd (I)

m@

2+

Ph ’
\
x .‘ o ®\P P'Bus 2+
CI Pd Pd—Cl CN'BU e o Ph ;|\ P'BU;
M= iy . Br—pd—Pd~Br Ph—P—Pﬁ—P,d—P\—Ph BusPFd—Pd PR,
<’ —_pclc 7 | iy Hiay
_P._P ' 3
CNBu Ph” 1 "1 >Ph L/P P'Bu
X = Cl or AlCI, CN'Bu Ph  Ph - }Dh\® - 3
Allegra, G. Otsuka, S. Colton, R. Leeuwen, P. W. N. W. Girolami, G. S.
1965 1971 1973 1992 1994
o o o000 ooo - sV
1942 2019
dinuclear Pd(l)
7 7
D
A
/P
//Pd\?Pd Ph._ Ph H Ph
~ = Br =N W N “Ge-Gé-Ph
AN 7  PA—PA—
PhsP—Pd-Pd-PPh; PhsP—Pd-Pd-PPhs 'Bu,P—Pd—Pd—PBu; N\ / \ / \__ 0
N/ - \B/ Ph~ce-Ge
r % “Ph
o Ph H
Yamazaki, H. Werner, H. Mingos, D. M. Réau, R Osakada, K.
1972 1975 1996 2001 2015

®



The proportion of Pd (I) species

others
~16%

/ \
L—Pd—Pd—L
7

~25%



2. Synthesis of dinuclear Pd (I) complexes



The first example of (u-allyl)(u-X)Pd,1.,

The first preparation of z-n>-allyl dipalladium (1)

Benzene
[Pd(m-allyl], + PPhs >

3 equiv Np, r.t

e
PhsP—Pd-Pd-PPh3
\I/

Yields not report

Yamazaki, H. and coworkers, Acta Crystallogr. 1972, B 28, 899.

L—Pd-Pd-L
N
X

U

O—0

X=Cl,Br, |, S, Se,

<

Me

o



& =

i Reducing agent / /
_Pd. > 'PryP—Pd-Pd-P'Pr3
i 77 THF or Et,0 7

2 equiv. -78°Corr. t.

yields: L = P'Pr3; X = Cl, Br (82%), |
L = PPh3 (91%) PCys (83%); X = Br

Reducing agent: Mg, Sodium amalgam, "BuMgBr, LiAlH,4, LIAIH(O'Bu);, NaBH,4

Felkin, H. and coworkers, J. Organomet. Chem. 1977, 129, 429.

7D 0.5 equiv. "BulLi

_
7 [L = PPhj, 48% yield] L —Pd-Pd-L

L~ Cl PCYs cl

Zargarian, D. and coworkers, J. Am. Chem. Soc. 2006, 128, 6508.

@ LiAlH, @ excess PPh3
' > T o PP > Pd(PPh3),4
Pd. Pd.
PhsP™ Br PhsP” H
Pd
PhsP”  Br
Ph3P—P<\j—/Pd—PPh3
Br



l PtBUZ
Pd NaOH
Gk % ED OMe 7
Pd MeOH, 25 °C
\\;7
L
Me 2 eugqiv.
R
//—\74\
Pd.
IPr= Cl )
1.3-5 equiv. K,CO3
> O ‘q% MeOH or EtOH
Pd | 25°Cor40°C,0.5-3h
IPrCl o Y

'Pr Pr
IPr = Q\N/\N
=/
'Pr 'Pr

Proposed mechanism

)l/—x .
AL LL LI LIS, s o 2 +
Pd.., L chipd L HO/\’/

95% vyield

L/

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

\>Q/
R~

IPr—Pd-Pd—IPr
\ 7/
cl

| yields: R = H, 83%; 1-Me, 87%; 1-Ph, 83%; 2-Me, 78%

2-Ph, 91%; 2-'Bu, 80%; 2-OMe, 85%; 2-CN, 94%

or

IPr—Pd-Pd—IPr IPr—Pd-Pd—IPr
\ 7/ \ 7
cl cl
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.

L HOCHQR' //]k CO32' e L
. T Pk -
L %cl ~ : HCO3 L “o R
% Jie
P
I e
. L~ ~Cl S
L—Pd-Pd-L Pd—L l
NI Pd.
Cl I H
R



\\—7

OAc
Z """ CysP—Pd-Pd-PCy; .
OYO ields not report
Pd(PCy3); | .
2 equiv.
B 7

r. t., <10 min

Cy3P—P<\:i-/Pd-PCy3

E =S, 85% yield
E = Se, 28% yield

E
Ph
Yamamoto, A. and coworkers
J. Am. Chem. Soc. 1981, 103, 5600.
Chem. Lett. 1983, 1725.
/IJT PCy; /|/\\
Fa. 2 equiv.
il a i 5 7
Phs\pd CysP~ 'SPh
\\|7 isolated
/|/\\
XN
Pd
. ]
P|d L~ 'SPh
e,
PSS
P|d L
~— PhS. _SPh
Pd-L P|d
L—Pd-Pd- Az
o = oy
[
Ph
L = PPh3, P(OMe)3

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



The first preparation of Cp-allyl sandwich dipalladium (1)

: Toluene
5 Pd  + 2PPhy L—Pd-Pd-L + =< :

\\% N, rt., 3 h 7 Y Me

or isomer
Me Me

L = PPh; (85% yield), P(OMe)s, P(OCgHs)s

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

IPr = 754

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

Proposed mechanism

g 7 R >~ [Pd-L] o L hdd

;
;
5
&



L—Pd-Pd-L L—Pd-Pd-L

L—Pd-Pd-L

L—Pd-Pd-L L—Pd-Pd-L

L—Pd-Pd-L



: \\ZMe
Pd(2-MeC3Ha), + PdL, Yields not report: L —Pd-Pd-L

L = PPPrs, PCys “<Me
Werner, H. and coworkers, J . Organomet. Chem. 1979, 179, 421.

\%R
[Pd(2-RC3H4)Cll, + L ——— > L—Pd-Pd-L
2 equiv. —
q \<R

yields: R = H; L = PMes (75%), PEt (79%), PPh (57%),
IPr (40%), SIPr (84%), IMes(42%), liPr (39%),
R = Me; L = PMe; (52%), PEt; (84%), PPhs (67%), IPr (29%)

iPr IPr iPr  IPr

IPr = X IPr = ”

' Q\NAN© SIPr Q\NAN©
'Pr 'Pr 'Pr 'Pr

e M

M e "
Me e ] . .
IMes = S lipr= Pr~N" NPT
NN \J
\—/
Me Me

Jolly, P. W. and coworkers, Angew. Chem. Int. Ed. 1985, 24, 283.
Hazari, N. and coworkers, J. Am. Chem. Soc. 2011, 133, 3280.




NaKs.g

Pd — > | L—Pd-Pd-L
s v A =
2 equiv 2 equiv. L/Pd
2 equiv L = PMes, PEts, P'Prs, PPh;

yields: 40-60%
Werner. H, and coworkers, Angew. Chem. Int. Ed. 1979, 18, 948.

&

Pd
= r =
a8 Li indenyl Z
iy - . b o
‘ -35 OC, Et20 IPr/Pd Q = or. ., Elp @
Z O O yields: 71%

IPr= PN

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



=
2 equiv. Li indenyl

PdCIy(RNC), > RNC-Pd-Pd-CNR

CgHg, r. t.
|
S

yleld R = tBU, 2,6-M€206H3 (62%), 2,4,6-M€3C6H2
2,4,6-tBU3C6H2 (51%)

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

- .
2 equiv. Li indenyl Q iPr iPr
Z e >  |Pr—Pd-Pd-IPr . /..\
-35°Ctor. t., Et,0 r= .
Pr 'Pr
85% yield

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



.

Li indenyl
IPr—P(\j—/Pd—IPr Tt THE > Et;P—Pd-Pd-PEt;
Cl . 77
yield: 68%

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

IPr' P
2 equiv. | 2 equiv. Li indenyl
[Pd(r-allyl)Cl], > IPr/Pd‘CI > IPr—Pd-Pd—IPr
r.t., THF ' -35°Ctor. t., Et,O ~—
2 equiv.
yield: 78%

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

0 NaCp @
@Pd Pd t., Et,O -
el
2 s

yields: L = PEt, (38%)
IPr (not report)

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



The first example of (u-X),Pd,L,

PBus CHBr; 7
[Pdy(dba)s]+CeHs —— » dark orange —=229-o 15 p—P4—Pd—P'Bus
toluene, 1 h %
Br
green
18% yield

Mingos, D. M. and coworkers, J. Chem. Soc. Dalton. Trans. 1996, 4313.

Pd(Buy) CuBry t /B( t
u > t3y.P—Pd—Pd—P'Bu
Y IHE rt 45 min 2 N/ :
Br
50% yield

Schoenebeck, F. and coworkers, Angew. Chem. Int. Ed. 2012, 51, 7226.

!
Pdl, _
Pd(‘Bu > 'BuzP—Pd—Pd—PBu
o - \/ .

97% yield
Schoenebeck, F. and coworkers, Angew. Chem. Int. Ed. 2015, 54, 10322.

o



3. Reactions involving dinuclear Pd (I) complexes



Et;P—Pd-Pd-PEts

-

PryP—Pd-Pd-P'Pry

X =Cl, Br

-

CO or CH3CN

L—Pd-Pd-L
\ /
Br

-

Br

== X

30 min, r. t. Pryp”

‘Pd—)>»Pd

Cp
P'Prs

Br\ /C\ /Cp

_Pd—Pd

L L

X =0, NMe
L = P'Pr;, PEt;

O,
Br\ /S\ /Cp
_Pd—Pd_

EtsP PEt3

When X=Cl R

~ PrsP—Pd-Pd-PPrs
Cl

S,

®



- -

. : HX .
iPryP—Pd-Pd-P'Pr >  ipr,p—Pd-Pd-P' + @
2 2 30 min, . t. Y
= X
X = SPh, OAc
e HX e
IPr—Pd-Pd—IPr : 2 IPr—Pd-Pd—IPr X
727 7 30 min, r. t. \X/
X = SPh, CI, OAc
o ©. . 1> R=Me;L =PMes PPhs P(O-0-Tol)s
e ey R = 'Bu; PPhg, P(O-0-Tol)5
L—Pd-Pd-L
\\//
4: . :> PSS
o ‘ + | R = Me; L = PMe3, P(O-0-Tol)3
VA P 2 ;
Pds P9 R='Bu;PPh;



e

2.5mol% [Pd] ~-O =
A - E [Pd] = IPr—Pd-Pd—IPr
E 1atm CO,, r. t. \(g(\/ -

\/
Substrate Time (h) NMR yield (%)
Me3Sn(2-methylallyl) 20 79
”Bu3Sn/O _
"BuzSn(2-methylallyl) 24 80 I
7
MesSn(allyl) 26 70 / 8 mol% Pd(PPhs), 90% vyield
+
"BusSn(allyl) 24 82 ”Bu:»,Sn/\/ 33 atm CO,, 70°C, 24 h 5 7
r e
(pinaco)B(allyl) 26 60 "BuzSn
(@)
(pinaco)B(2-methylallyl) 55 81 10% yield
-~ / 0 _ Nicholas, K. M. and coworkers, J. Am. Chem. Soc. 1997, 119, 5057.
IPr—Pd-Pd—IPr  E~ ey
~— />.< o
/|/\\
X
| €O pr %0
- + Pd -
Pd IPI’ IPr/ \/\
9) X

Hazari, N. and coworkers, Chem. Commun. 2011, 47, 1069.



0.024 mol% [Pd]
@ 0.024% mol% methylalumoxane m
toluene, 25 °C, 5 min n

100% convertion

LA

7 /|

Me .
- tBUsF’—Pc\al—/F’d—PtBU3 ¥ Al\o’Al\o/Al\o/

Cl methylalumoxane

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

0.001 mol% PdCI,(dppe)
0.01% mol% methylalumoxane m
DCM, 25 °C, 5 min n

2.2% convertion
Janiak, C and coworkers, Macromol. Rapid Commun. 2002, 23, 16.



e
[ /\/OAC > Cy3P—Pd—Pd—PCy3
O—0

<~

Me

Pd(PCy3); —
e
CysP—Pd-Pd-PHCy;
E

Ph

_

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

//\\/R /
+ KO'Pr
Pd
IPr~ °CI
R =H, Me, Ph
~.R + 2
Less reactive form X )J\
of Pd in catalysis R KCI
a4
R |
b Pd
7 IPr~ " Cl ‘ Ar .
ArX ' catalytic
IPr—Pd-Pd—IPr —~———— [Pd-IPr] > | Pd-IPr|—> Z c?le
\Ci )i( Y

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



I/Br halogen exchange

|l - A

t /_\ t
BuzP—Pd—Pd—P'Bug
\_/
Br 0% yield

Br I
Bu,P—Pd—Pd—P'Bu;  'Bu,P—Pd—Pd—PBu
7 3 7 3
[ Br I Br
] . L

92% vyield
| Br
; Br\Pd,PtBU;g |
1 equiv. 9-iodoanthracene OOO :
; OOO THF-dg,r.t,3h |
i <3% yield :
5 PdBr,, P'Bu, 5
| > B !
|  Fai THF-dg, r. t., 3 h / |

THF-dg, r. t., 3 h

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



0.4 equiv. [Pd]

10 equiv. "BusNBr

solvent, T°C, th

entry [Pd] solvent e t (h) yield (%)
1 Pdy(dba); / P'Bus THF 25 19 1
2 Pd,(dba); / P'Bus THF 25 48 5
3 Pd,(dba); / P'Bus toluene 35 42 0
4 Pdy(dba); / P'Bus toluene 35 42 8
S Pd(P'Bus), THF 25 19 3
6 Pd(P'Bus), toluene 25 42 0
7 Pd(P'Bus), toluene 35 42 7




gr © tBu,P -Pd—Pd Br

tBu;P—Pc;—PEdH. % L. J i gé }
I Br PtBu Aoy > tBuP-Pd—Pd
Br PtBuy Red. Elim. Ts3 tBuyP-Pd—Pd @ = [
Ox. Add. TSA Jr——— N | PtBu,
@ T & B;a:t;';su; Red. Elim. TS
X. i
T Br\Pd/'--\Pd/ = . & 0 14.0
B 148 mup g Py o P ;Péimeu l Phi w 129
tBu;P-Pd—Pd—PtBu; Y bt 18.1 Pd Pa_ l PhBr
Br 4.0 f j Br tBu,P” o PtBu
;ﬁj T 0 1 tBu;P-Pd\——/Pd—P!Bu; l ' = ’
+ 6.8 b 6.7 .
AG,=12.0 : s e tBu,P-Pd— Pd—PtBu,
* + PhBr ¢5.2 z\l'
Br
7% 7
‘BuzP—Pd—Pd—P'Buj
I \ /
Br Br
X equiv. Z
-
y equiv.
entry X equiv. y equiv. t (h) yield (%)
1 1 4 1.5 57
2 2 4 1.5 64
3 1 0.5 0.5 28
4 1 1 0.5 25




I Br

0% yield
conditions A conditions B
0.4 equiv. [Pd] 10 mol% AIBN
1 equiv. iso-propyl iodide 10 mol% "BuSnH
10 equiv. "BusNBr 10 equiv. "BusNBr
toluene, 35 °C, 16 h benzene, 80 °C, 16 h
[Pd] = Pd(PtBu3)2 or Pd(PPhs),
'BusP PéI\Pd P'B
u.P—Pd—Pd—P'Bu
| o - Br

25 mmol% Z OOO
10 equiv. "BusNBr

THF, 35°C, 20 h

entry change in conditions yield (%)
1 / 62
2 @ :THF = 1:1 instead of THF 74
3 8.8 equiv. O‘O was added 77

©



|
87

|
0 min

mmmmmwmmmwmu

103 87

30 min

PO(OMe),
Internal
standard

Vil

120 min l

180 min

140 110 80 60 40 20
Chemical Shift / ppm

0 -10

Br

BusP—Pd—Pd—P'B
—Fa—ra— u
> -

Br
87 ppm

Br

BusP—Pd—Pd—P'B
uzF—Fad—rFad— u
3 < 3

I
97 ppm

Bu,P Pé \Pd PB
usrF—Fd—Fad— u
3 < 3

I
103 ppm

Brep PBus

71 ppm

PBus
64 ppm

o PBu,

62 ppm



Proposed mechanism

.
tBu3P—Pci—Pd—PtBu3

©/Br I/
”Bu4NBr

LN '

7%
Pd Pd iR P—Pd—pd_pt
, \ Bu,P—Pd—Pd—PBu
‘BusP” g/ PBus o -

Br

5



C-SeCF; coupling

(The first catalytic method to convert aryl iodides into the corresponding ArSeCF)

BusP PéI\Pd PB
uzF—Fa—Fa— u
77 -

Ar=SeCF; [
(Me4N)SeCFs
(MeN)l
CFy R "CFs CFs
|
I\ d/se\Pd /Se\ £ /Se\ ¢
: . —P4—pd— P—Pd—Pd—P'B
tBU3P \I/ PtBU3 tBu3P PC{ /Pd PtBU3 BU3 \ / Ys
| Se

or/and CF3;
catalytically competent species

Conditions Arl
I

7/ \
5 mol% Bu, P—Pc{—/Pd—PtBu3 Air-, moisture-, and thermally-stable
|
in toluene, 40-60 °C, 24 h

SeCF; SeCF3
o o & b
O2N NC CHO

COCH;4
84% yield 99% yield 49% yield 48% yield
F
7eCFs SeCFs
SeCF; /©/ J SeCF3
1 .
N
HaN o O\) H
95% yield 93% yield 95% yield 94% yield

Schoenebeck, F. and coworkers, Angew. Chem. Int. Ed. 2015, 54, 10322.

o



AFN2 ¥ Me3SiCF3 + NaSCN

ArB(OH), + [SCF3]

O
(NMe,)SCF4
N—SCF,
Sg + Me3SiCF3
O

Conditions
I

/' \ .
5 mol% Bu, P—Pc{—/Pd—P Buj
I

DG
H + CF,SSCF
[Cu] [Cu] \© 2 2

Ar-SCF3

ArX

[Pd(0)] AgSCF3
only one example

[Ni] (NMe,)SCF;

GFs
S
B P—Pd—Pd—P'Bu
o .

|
in toluene, 80 °C, 12-15 h CF3
SCF4 SCF3;
SCFs3 SCF;
o O -
OoN NC CHO 0o
95% vyield 96% vyield 94% vyield 98% vyield
SCF5
SCF
SCF5 - 7 3
\/©/ | ) N
X MeO,C = Bn
98% yield 96% yield 65% yield 98% yield

Schoenebeck, F. and coworkers, Angew. Chem. Int. Ed. 2015, 54, 6809.

(&)



LnPd(0)

¢ Air-sensitive
¢ Strategies for recovery:
polyethylene-bound Pd
metal scavengers
specialized cindition (biphasic,
ionic liquids, supercritical CO,)
¢ Poisonous Pd ate complexes
+ No chemoselectivity in C-Br
vs C-OTf vs C-ClI

LnPd(0) Ar-X
Ar. SR o
Pd LnPd\

L7 'SR X

SR

/

LPd,
X

.
tBusP—Pd—Pd—PtBu,
</

# Robust & air-stable

& Straightforward recovery

a Pd(l) catalysis cycles

a Avoidance of poisonous complexes from Pd(ll)
I/'SR exchange at oxidation state (1).

a Chemoselectivity in C-Br

L- Pd Pd L
Ar=Nu
7/ Nu
.

7 LR
l, =~ / /Ny /Ny
pd pd L-Pd—Pd-L L-Pd—Pd-L

L 7 ‘Nu

or/and
Arl

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

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

€



Alkyl-SNa AN
@ _ 5mol% ‘BusP—Pd /Pd PfBu3 |

AIkyI/AryI

Aryl-SNa in toluene, 40-60 °c 3-12 h

X—Brorl

SEt SEt MeO,C SBu H 7
\©/ o~ "SEt
2N NC 0

92% vyield 92% vyield 96% vyield 87% vyield
SEt S N
1 10
L o B
o H
3% yield 95% yield 96% yield 97% yield
| Ar-| Ar-SPh |
70X 7/ \
tBu3P—Pd—Pd—P’Bu3 / > ’Bu3 P—Pd—Pd—P’Bu3
\/ NaSPh, toluene N
) |
60°C, 6 h Ph

Y

81% recovery

[Vield of Ar-SPh]
18t cycle: 88%
2" cycle: 99%
3 cycle: 98%
4" cycle: 97%
5t cycle: 93%



SR
/ "\
5 mol% tBusP—Pc\i—/Pd—PtBu;,,

Cl R * NaSR 77 | T O R
OTf in toluene, 40-60 °C, 3-12 h OTf
93% yield 94% yield 91% yield 92% yield

5 SEt SEt
' Me [Pd] Me Me Me_ X
; [ ) _ Naskt | + ) |
=N toluene _ ~N N
i OTf OTf SEt SEt
| 0
I . trace 88% yield 8% yield
' T=100°C, 2 h, 4% recovery
i g di
i ), 0% yield 0% yield
. T=60°C, 12 h, 80% recovery
/ 0 T
i 98% yield 0% yield 0% yield

T =60°C, 12 h, 2% recovery



C-C coupling

Rapid & Fully Selective Functionalization ?

CI—(\/%r . 8 9
%\/Of

Y

o

s

Library of diversely & densely functionalized arenes !

Site selectivity in Pd(0) reaction depends on:
¢ Pd catalyst / ligand

¢ Steric and electronic of substrate

+ Additive, solvent

Challenges:

¢ Unpredictable

¢ Usually resulting complex

¢ No alkylation ( f~H elimination)

¢ Air-sensitive

¢ Long reaction time and high temperature

o



755
Br 2.5 mol% fBu3P—Pg—/Pd—P’Bu3 ;)
DS ~
CI—:/\ ] + O—znci ! 7 CI__K ]
\9\ 1.5 equiv. 5 min, toluene, r. t. KA/
OoTf open flask (0]
o-Tol o-Tol o-Tol
\ S OoTf
91 % yield 70% yield 71% yield 86% yield 86% yield

|
7

2.5 mol% tBu3P—Pd—/Pd—P'Bu3 R

//] Q—2zncl i f/\]

\/\ 1.5 equiv. 10 min, NMP, r. t. K;

open flask

= 6355'

81% vyield 83% yield 74% yield 78% yield 73% yleld 87% yleld

Y%
2.5 mol% tBu3P—Pd—/Pd_ptBu3

R \
VS
Q\ 2 0_an| . I 7 | 7
> 1.5equiv. 25 min, NMP, r. t., Ar R4 /

75% yield 60% yield 71% vyield 76% yleld 73% yield 95% vyield




Br Br | P
A /‘\/\ 7% /\\\ /:P
7 ] Ci— ] Bu;P—Pd—Pd—P'Bu; R . '
¢ e 7 i ] O_\;
OTf R | ‘
R R
- s
i i : Z
X NS
OTf
/\/Br Q—2nCl, THF, r. t., 5 min s
0 \] then NMP added |
NS \
oTf Q—2znCl, r. t., 5 min
66% yield
R .
P Q—2nCl, NMP, r. t, 10 min .
CI—.\/J then slowly addition of: ph4©_/
\OTf O—ZnCI, r. t., 5 min
61% yield
/\/Br Q—2nCl, THF, . t., 5 min | 7
Cl—:\/j then NMP added S I _N
/\R O—ZnCI, r. t., 25 min \ Me Me
78% yield




C,&] -0 9 . O{}];

‘Bu,P—Pd—Pd—P'B

UsF—Fa—rFa— u

Br 3 \I/ 3 p
K/\] %

| 2 7 CI_
\9\0Tf Q—2nCl, THF, r. t., 5 min \/b Q—2znCl, . t., 25 min, Ar
open flask
then NMP added

Q—2nCl, r. t., 10 min

open flask
| | F |
| Bro_~_C a ; 7 ;
O - :
| TIo” N7 . : . _
E N E Cl SIM63 E
! 7% yield ; oTf Me |
: 5 63% yield |
i Ph 5
| C|\©Br Ph O |
e orf O i
; 57% yield 7 E

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

Polymers in material applications

OR'

) [ EJ
S
n
Polythiophene /

1
organic field effect RO
Polyfluoene transistors (OFETS) Poly(p-phenylene) PPP
transistor, LEDs Polycarbazole (PCz) solar cells photovoltatic cells

R' = 2-ethylhexyl, R = octyl , R® = 4-hexyloxyphenyl

Current approach e specific catalyst for single polymer

Q Catayst1  —H OO xHHHMox XxHIHEBOR), XHIH-znX

Polymer 1 Kumada Suzuki Negishi

Monomer 1
* Pd, Ni
Monomer 2 L _[_ —]n_ * Air-sensitive catalyst
Polymer 2 +0.5~24 h at 0 °C~80 °C

Vision e simple conditions for many polymers

HOO0H 000k

| Mono 1 Mono2 Sndecatalyst Poly 1 Poly 2 accellerated !

—— [dentification of

[
Q Q Single conditions —['OOO‘LT —['OOO‘LT new materials

Mono 3 Mono 4 POIy 3 POIy 4




1. "BuLi, ZnCl,

O
2. Catalyst, THF, r. t., time O O
Br—( )—Br / - 0.0
. N [\ Z
tBu3P—P(3—/Pd—PtBu3 n d ) S 7 0

Catalyst
olymer ent catalyst time My M,
) . loading (%) (min) (Kg/mol) (Kg/mol) PD' note
1 0.5 0.5 24.3 52.3 2.15 open flask
\/(/\/ 2 0.005 30 51.0 98.9 1.04
3 0.005 20 h 53 1 123.1 232  PA(CHICN),Clp
PtBU3
4 05 30 13.1 238 1.82 open flask
N NS
5 0.005 30 15.4 258 1.66
\Q 6 05 1 443 80.1 1.80
O/\/\/\
O\C/\\//\/\\A 7 0.5 2 23.1 43.2 1.86
A 8 0.5 0.5 9.3 18.0 1.94 open flask
8 9 05 1 5.9 7.2 1.20

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

FI)tBU3 FI)tBU3
Pd  [PF4] Pd  [HCB4Cly]
PtBU3 PtBU3

.
PhyP—Pd-Pd-PPh; PhsP~Pd Pd-PPh;  tBu,P—Pd—Pd—P'Bus

. -

R

Pd(l) Pd(0) / Pd(Il)

» Wide range of reaction types
¢ Air-stable e Commercial available

¢ Moisture stable

¢ Thermally stable Pd(0) / Pd(ll

¢ High chemoselectivity in
cross-coupling reaction

¢ Limited nucleophilic scope

Pd(l)
Alkyl-X +  Alkyl-M Alkyl-Alkyl
A2
G e e v
\ /

Aryl-X Aryl-Alkyl
. Pd(l)-Chiral liand y y
or + Alkyl-M : == or

Asymmetric coupling?
Alkyl-X Alkyl-Alkyl

o



Thanks for your attention !



