UCTGUE Reaction of Coordinated Ligands

» Reaction of coordinated ligands
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c.G Reaction of Coordinated Ligands &
> Alkene complexes )Y
/
v’ Stoichiometric reactions v Catalytic reactions L,M
Nu-~, Cr(CO)s
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ns-arene complexes carbene complexes Tsu1|-T.rost

reaction

o Transformation of coordinated alkenes

LM

v’ Stoichiometric and catalytic reactions
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UCTGUE Reaction of Coordinated Ligands t%
> Alkene complexes )Y
* General rules for nucleophilic attack on coordinated alkenes /

LM

o Order of reactivity of n-ligands according to the Davies—Green—Mingor rules

ae o
/><\>I/>©>||>><(> >©
T]odd

Tetrahedron 1978, 34, 3047

v'  Divided according to hapticity
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UCTGUE Reaction of Coordinated Ligands t”'??\

> Alkene complexes )ﬁ/
e Catalytic reactions: Nucleopalladation LM
o Overall reaction scheme
NuH_ Nu  Pd® LN;H\, pam ~Nu Pd®
R~ —m X R ()~
R pd g R R
o In some cases anti-addition prevails
. ©
o Stereochemistry (oH HO
syn anti ZaH
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J. Am. Chem. Soc. 1975, 97, 674; J. Organomet. Chem. 1976, 108, 401
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UCTGUE Reaction of Coordinated Ligands

> Alkene complexes

/
e Catalytic reactions: Oxypalladation LM
o The mechanism of oxypalladation depends on reaction conditions
OH Pd(MeCN),(BF,), (5 mol%) o b o
ligand (10 mol%) N O N O
C B (4 equiv) 0 . () Q
D MeOH, 40 °C
16 :46 : 29: 9
Pd(!!
syn-oxypalladation
5 p—elimination /H 4 B —elimination Q
l paH
o o D
[3 —elimination @EQ_
J. Am. Chem. Soc. 2004, 126, 3036 gdH
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UCTGUE Reaction of Coordinated Ligands

> Alkene complexes
e Catalytic reactions: Oxypalladation LM

o The mechanism of oxypalladation depends on reaction conditions

OH Pd(MeCN)4(BF,), (10 mol%) o O o O,
Sy, TR O, - O - O O
D

BQ (1 equiv)
THF, reflux 6:5:7:82
Pd("
anti-oxypalladation

PdH

O H Pd O O o, PdH o
%—D B—elimination 6 b %—D B—elimination % 5

J. Am. Chem. Soc. 2004, 126, 3036
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UCTGUE Reaction of Coordinated Ligands

> Alkene complexes
» Catalytic reactions: Oxypalladation

o The mechanism of oxypalladation depends on reaction conditions

[0) o)

HOY (pyr),Pd(TFA), (10 mol%) oJﬁ

& pyridine (30 mol%) S
COEt Na,CO; (2 equiv) CO,Et
"CO,Et MS, O, "CO,Et

D ’ H
toluene, 80 °C 30%
exclusive

anti-oxypalladation

J. Am. Chem. Soc. 2005, 127, 17778

LM
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UCTGUE Reaction of Coordinated Ligands

> Alkene complexes
» Catalytic reactions: Oxypalladation

o The mechanism of oxypalladation depends on reaction conditions — Diacetoxylation of 1,3-dienes

Pd(OAc), (5 mol%) —@ —Q-
@ LiOAc, BQ, rt ~ AcO \ >~ AcO 10Ac

93%, >91% trans

AcO/ \OAc
AcO
Pd(OAc), (5 mol% —Q)
@ LiCl (20 mol%) AcO ~ AcO={ )=OAc
LiOAc, BQ, rt 85%, >98% cis

J. Org. Chem. 1984, 49, 4619

LM
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UCTGUE Reaction of Coordinated Ligands

> Alkene complexes

/
« Catalytic reactions: Tsuji-Wacker reaction /\ H,O LoM
. O,+HCI
o Generally accepted mechanism CucCl P
PdCl,]*
CuCl, [PdCLa]
o)
PdCl, (cat)
- S ©
CUC|2 (Cat), 02, H20 Me H 0 —
HClandcI©  Pd ClsPd—]|
© o
Cl,HPd—
AP e
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UCT PRAGUE

Reaction of Coordinated Ligands

> Alkene complexes

e Catalytic reactions: Tsuji-Wacker reaction

o Applications

Pd/C (5 wt%)
H2$04 (70 Wt%)

H,0, (30 wt%)
A 2V2 >
RS MeCN
PdCI,(MeCN), (2.5 mol%)
BQ (115 mol%)
O (1 equiv)
P H, -0
A t-BuOH, 85 °C Ar

>96% selectivity

o O
M902C

83% 59%

o O

©)k me~

71%
65%

o Proposed mechanism
t-BuOH, BQ

HO,S

catalyst structure

\0/

LM

Pd
“OOH

Synlett 2017, 28, 607

ArCX V‘\ NOt-Bu@ Ar/\/o

t-BuOH
Org. Lett. 2012, 14, 3237

Pfechodné kovy v organické syntéze



UCTGUE Reaction of Coordinated Ligands

> Alkene complexes
e Catalytic reactions: Tsuji-Wacker reaction

o Applications

O CO,Me O n-Pr
allyl chloride | | n-Pr
PdCI,(PhCN), (3 mol%) Me \CI Me \CI
Re— R DME,0°Ctort 75% 77%
CucCl (1then' ), O N
uCl (1 equiv), O, )\)\rCHZOTBs
DME/H,0, rt Me \CI
77%

allyl bromide

PdCI,(PhCN), (3 mol%) O
< > — DME, 0 °C to rt Z
— > Me
then

CuCl (1 equiv), O, 7%
DME/H,O0, rt

LM

R—R

allyl chloride
PdCI,(PhCN), (3 mol%)
DME, 0 °C to rt

R
MR
Cl
CuCl (1 equiv), O,
DME/H,0, rt

Org. Lett. 2002, 4, 4321
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UCTGUE Reaction of Coordinated Ligands

> Alkene complexes
e Catalytic reactions: Nucleopalladation

o Aminopalladation — similar to oxypalladation

v Aliphatic amines
Pd(!

" NH,  PdCI,(MeCN), NH;

stable complex = unreactive!

" NHTs  PdCl,(MeCN), (1 mol%) 7 -NTs

h

BQ (1 equiv), THF, reflux

85%

J. Am. Chem. Soc. 1982, 104, 2444

LM
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UCTGUE Reaction of Coordinated Ligands

> Alkene complexes
e Catalytic reactions: Nucleopalladation LM

o Aminopalladation — similar to oxypalladation

v' Aromatic amines

P 4-PhC6H4Br
MH  Pda(dba); (1 mol%)

-PMP -PMP -PMP N
P(o-tol); (4 mol%) H N H . H N H . H N H . Ar
t-BuONa
o "'Ar
toluene, 110 °C Y
A

30% :12% : 5% : 19%
exclusive
syn-aminopalladation

~p N—PMP N-PMP N-PMP
—— H H — > H H
"PdAr

Pd(Ar)(H) BdAr

Z-'U
=
=
|

Angew. Chem., Int. Ed. 2004, 43, 3605
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UCTGUE Reaction of Coordinated Ligands

> Alkene complexes
e Catalytic reactions: Nucleopalladation

o Aminopalladation — similar to oxypalladation

v' Aromatic amines

HH
Br PhHN Pd,(dba)s/ligand &2
— t-BuONa - \ h,N '

toluene

syn-aminopalladation

anti-aminopalladation

PCy30HBF4 >20:1

(£)-BINAP 1

-1

J. Am. Chem. Soc. 2006, 128, 2893

LM
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UCTGUE Reaction of Coordinated Ligands ‘”1\

> Alkene complexes )ff
e Catalytic reactions: Nucleopalladation LM

o Carbopalladation

v' Hydroalkylation v Selected steps from proposed mechanism
é)l\ PdCI,(MeCN), (10 mol%) f u ¢f“\ ¢f‘\
dioxane, 25 °C
Z HCI pd(ll)
anti-carbopalladation 81% D Pd(")

J. Am. Chem. Soc. 2001, 123, 11290; Chem. Commun. 2002, 650

v Allene nucleophiles

MeO,C
MeO,C.__CO,Me 2% _CO,Me
| Pd(TFA); (1 mol%) | Pd(TFA), (1 mol%)
o BQ - o BQ B
)j\ THF, reflux )J\ THF, reflux
) o
syn-carbopalladation 94% anti-carbopalladation 82%

J. Am. Chem. Soc. 2003, 125, 6056
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UCTGUE Reaction of Coordinated Ligands

> Alkene complexes
 Stoichiometric reactions: n2-alkene—Fe(Cp)(CO), complexes LM

®
o Synthesis of n2-alkene—Fe(Cp)(CO), complexes E(—Fe(Cp)(CO)Z

v' Synthesis by ligand substitution

® ®
J—Fecpicoy, + @ SCE 80C Q—Fe(cm(cmz

100%

v’ Synthesis by alkylation

) @
EtO THF _ EtO HBF4Et,0 —
W/\C' *+ Fe(Cp)(CO)2 5goc \(\Fe(Cp)(CO)z Et,0, -78 °C Etoﬂ Fe(Cp)(CO),
OFt OFt 70%
0
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UCTGUE Reaction of Coordinated Ligands

> Alkene complexes
 Stoichiometric reactions: n2-alkene—Fe(Cp)(CO), complexes

o Reaction of n2-alkene—Fe(Cp)(CO), complexes with nucleophiles

v' Reaction with enolates

@
OLi D_Fe((;p)(co)2 O OEt

o
+ Me.CuLi g EtO i ~\_Fe(Cp)(CO),
€U B0, 0 °C THF, -78 °C —> rt

HBF4OEt20
Et,0, -78 °C—rt

®
Fe(Cp)(CO),

=
X _MeCN, reflux AN

67%

LM
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UCTGUE Reaction of Coordinated Ligands

> Alkene complexes

* Stoichiometric reactions: n*-diene—Fe(CO),; and n>-dienyl—Fe(CO);* complexes LM
CO CO
oc~ - CO OCa €O oc\ :,co oc\ -,co
AV
(NS |
n4-diene complexes -dlenyl complexes
o Synthesis of n*-diene—Fe(CO),; complexes
v Light mediated ligand substitution v' Thermal mediated ligand substitution
CO (010
OC. = _CO OC. = _CO
Fe OMe Fe
hv n-Bu,0, reflux OMe
Q) - e 2 s O™ e e g
58% 62%
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UCTGUE Reaction of Coordinated Ligands ‘”1\

> Alkene complexes )ff
* Stoichiometric reactions: n*-diene—Fe(CO),; and n>-dienyl—Fe(CO);* complexes LM

o m?*diene—Fe(CO); complexes as protecting group

Fe(CO
CHZBr CH2 CI Ie( )3
@ + Fex(CO) Fe(CO)s [ + Feycoy, — [if]
CHzBr CH2 Cl
Stable complex Stable complex
EtO,C
CN CHO |
Me Me O Me_Me JI Me_Me JI EtO,C._TMS Me Me |
R D X R
é(\)LMe MeCN, LDA _ @\/\2 Me DIBAL-H _ @\/\2 Me LDA Me
“b;g‘k THF, -78 °C Ve DCM Ve THF, -78 °C Ve
Fe(CO), Fe(CO); Fe(CO); Fe(CO),
91% 100% 100%

92% (77% 2)
o Fe(CO); undergoes 1,3-migration and prefers Z-olefination

J. Org. Chem. 2000, 65, 2438; J. Org. Chem. 1997, 62, 4343
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UCTGUE Reaction of Coordinated Ligands

> Alkene complexes
* Stoichiometric reactions: n*-diene—Fe(CO),; and n>-dienyl—Fe(CO);* complexes

o m?*diene—Fe(CO); complexes and nucleophiles

Me._Me CN CN
\ THF, CO \\ then CAN X

Fe(CO); -78°C - rt (CO);Fe” Yo 92°/CH0
e 0

LM

Pfechodné kovy v organické syntéze



UCTGUE Reaction of Coordinated Ligands

> Alkene complexes
* Stoichiometric reactions: n*-diene—Fe(CO),; and n>-dienyl—Fe(CO);* complexes

Cco CcoO
OC\ ,CO OC. :,CO OC\ :,CO OC\ -,CO
VAN
(NS |
n4-diene complexes -dlenyl complexes

o Synthesis of n>-dienyl-Fe(CO),* complexes (hydride abstraction)

)
Fe(CO); Fe(CO);3 -

OMe n-Bu,0, reflux / OMe Ph;CBF, (7< OMe 2
+ - -
@/ Fe(CO)s O/ e O/ @/

OMe

91% Fe(CO);

LM
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UCTGUE Reaction of Coordinated Ligands

> Alkene complexes
* Stoichiometric reactions: n*-diene—Fe(CO),; and n>-dienyl—Fe(CO);* complexes

o m>-Dienyl-Fe(CO);* complexes and nucleophiles

v' Reaction outcome is influenced by nature of nucleophile

OSnBuj OLi
@
OMe Me OMe Me OMe
Fe(CO Fe(CO);
/I/ (CO)s /3/ _ /{Fe(CO):,,
Me”
Me
o
87%

LM
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UCTGUE Reaction of Coordinated Ligands

> Alkene complexes
* Stoichiometric reactions: n*-diene—Fe(CO),; and n>-dienyl—Fe(CO);* complexes

o m>-Dienyl-Fe(CO);* complexes and nucleophiles

v Reaction outcome is influenced by nature of nucleophile — always anti-addition
and into para position to MeO group

®
Fe(CO), Fe(CO),
OMe M OMe
o o
NC
® ©
Fe(CO Fe(CO
°(CO)s MeO,C” > CO,Me °(€0)s

ﬁom

MeO,C” >CO,Me

) /@,om

LM
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UCTGUE Reaction of Coordinated Ligands

> Alkene complexes
* Stoichiometric reactions: n*-diene—Fe(CO),; and n>-dienyl—Fe(CO);* complexes LM

o m>-Dienyl-Fe(CO);* complexes and nucleophiles

v" Application in total synthesis: o
L(OC),Fe, o  L(OC)F

2 N
HPFg 2 O,N~ "CO,R

e:\/COZMG -
ACZO ("\

==\ C02Me
Hl/"\/ 92%

OAc

L(OC),F

\

-
-
-
-
Z
-
-
-
-

Synthesis 2003, 2064
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