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Transition Metal Complexes ‘”Z\

» The Nobel Prizes in Chemistry

1912

1963

1973

2001

2005

2010

V. Grignard ,,for the discovery of the so-called Grignard reagent, which in recent years has greatly advanced
the progress of organic chemistry”

K. Ziegle, G. Natta ,for their discoveries in the field of the chemistry and technology of high polymers“

E. O. Fischer, G. Wilkinson ,for their pioneering work, performed independently, on the chemistry of the
organometallic, co-called sandwich compounds”

W. Knowles, R. Noyori, K. B. Sharpless ,for their work on chirally catalysed hydrogenation reactions”

Y. Chauvin, R. H. Grubbs, R. R. Schrock ,for the development of the metathesis method in organic synthesis”

R. F. Heck, E.-i. Negishi, A. Suzuki ,for palladium-catalyzed cross-couplings in organic synthesis”
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Transition Metal Complexes ‘%

> Milestones
« 1760 As,0; + MeCOOK

(Me,As),0 + 2K,CO; + 2CO, * 1727 Dutch scientist Heman Boerhaave

discovered H,NCONH
Cadet’s fuming liquid 2 2

red-brown liquid * 1828 Urea was synthesized by Friedrich Wéhler

« 1827 Zeise's salt [ NS j\
CH, ¢ AgN=C=0 + NH,CI AqCl +
|—Pt—clI < H,N” “NH,
CHz/

Cl

« 1852 Franklad prepared MeHgl Mel + Hg MeHgl
e 1938 O. Roelen discovered hydroformylation

1951 P. Pauson synthesized ferrocene

« 1952 H. Gilman established organocuprates

1964 E. O. Fischer synthesized the first carbene complex

1969 A. E. Shilov discovered Pt'-catalyzed H/D Exchange of alkene with
solvents — C—H activation
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> Periodic table of the elements
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» Modified periodic table of the elements

(1

Li
Na
K
Rb
Cs

» Our periodic table of the elements

Be
Mg
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Sr
Ba
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» Examples of organometallic compounds

(M—ligand
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UCT PRAGUE

> Properties of transition metals @—Iigand

* lonization potentials .
more basic

easily oxidized
more electron-rich
more basic
easily oxidized
more electron-rich

ionization potential increases

N
)
14

4 5 6 7 8 9 10 11 12 10

Ti |V [Cr Mn Fe Co Ni Cu 2Zn Ni!l |

Zr Nb Mo |[Tc |[Ru Rh Pd Ag Cd Pd ionization potential
Increases

Hf [ Ta W | Re Os Ir Pt| Au Hg Pt

 Sijze
the size of the metals decreases

N
[ )
L4

4 5 6 7 8 9 10 11 12
Ti V |[Cr Mn Fe Co Ni [Cu Zn ﬂthesizeofthemetals

increases
Zr Nb Mo Tc Ru Rh |Pd |Ag [Cd
Hf |[Ta W Re [Os Ir |Pt Au Hg

metals from 2"9 and 3™ row have similar size = Lanthanide contraction
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» Structure of transition metal complexes — Oxidation state of transition metal and number of d-electrons
@—Iigand

4 5 6 7 8 9 10
Ti |V Cr (Mn [Fe Co | Ni

Zr |[INb Mo [Tc Ru Rh |Pd
Hf Ta W Re Os Ir Pt

Number of d-electrons

0 4 5 6 7 8 9 10
Oxidation state ! 3 4 5 6 7 8 9
I 2 3 4 5 6 7 8
1l 1 2 3 4 5 6 7
v 0 1 2 3 4 5 6
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» Structure of transition metal complexes — Ligand properties

Et3P Bu Et3P Bu Et3Ps~ Bu
“pt7 Spt” :

N

Et,P” “Bu Et;P”  Bu Et;P”” Bu

ll
h:
/ \

M—ligand

e The 18-electron rule — coordinatively saturated (18 electrons) or unsaturated complexes (<18 electrons)
e Coordination number — number of ligands bounded to the metal by 6-bonds
* Hapticity (n) describes how many atoms of the ligand bind to the transition metal

 Monodentate or polydentate ligands
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» Structure of transition metal complexes — 18 electron rule

M—ligand

Formal charge

Formal charge 0
1
W—PR, Formal charge
W-H -1
M-c=o0
M—ci ® o
o o) )
W-oR RJLR Formal charge ® /
-1 (mixed) @—H -~ @ + H®
B ey e
®
I > @-ca — @ + c°
W——-r
R N @or —— @ +Oor
CH, @— CH, CH
® 2
M || @ M — @ +@</
R R R
ol oy &
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Formal charge
0
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» Structure of transition metal complexes — 18 electron rule

6e

<$S

FIe >
ZeOC/ I \/\ 2e
oC

2e

total number of electrons = d® + 6e + 4e + 2e = 18e

coordinatively saturated complex

2e 2e
Ph3P\ PPh,
Rh1+
Ph3P/ \CI
2e 26

total number of electrons = d® + 6e + 2e = 16e
coordinatively unsaturated complex

PN
A,

2e

total number of electrons = d® + 6e + 6e = 18¢

coordinatively saturated complex
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» Structure of transition metal complexes — 18 electron rule

GW
\

Zr 4+

% Cl 2¢

6e

/\

total number of electrons = d° + 12e + 4e = 16e
coordinatively unsaturated complex

2e
2¢ CcoO

oc_ |
SFe—CO 2e

oc” |
29 CO
2e

total number of electrons = d® + 10e = 18e
coordinatively saturated complex
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» Structure of transition metal complexes — Geometries of transition metal complexes

* Depends on coordination number

L.,
L’M_L

trigonal planar

L
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» Structure of transition metal complexes — Bindings in transition metal complexes

n-acceptor ligand n-donor ligand o-donor ligand
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n-acceptor ligand: R3P, R3As, R,S, CO, alkeny
n-donor ligand: RO", RS", F’, CI', Br,, I, R,N°, RCO,"
c-donor ligand: NH3, H,O, H”
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» Structure of transition metal complexes — Phosphine ligands

M—PR;
Binding through c-donation n-Backbonding
R
PI
P
/RR
unoccupied
d-orbital d-orbital
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» Structure of transition metal complexes — Phosphine ligands

e Chiral phosphines

29-35 BH; p-Ph
kcal/mol 3 CO,H PON-N.
P -~ o Q‘ S, L&
1™ Ph Ph

e Behaviour of phosphine—metal complexes in solution

WM + PR; — M)—PR,

-PR3 -PR;
Pd(PR3)4‘ﬁ3 Pd(PR3)3 *PR, Pd(PR3),
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» Structure of transition metal complexes — Phosphine ligands

* Tolman cone angle (Bite angle) O\ p p\ p
T :

Blte angle
®= Cone angle
. ,Ff’?u EPPhZ O PtBuZ . O Pcy . O Pcy2
Bu™ Bu PPh, O 'PrO O OPr 'Pr ‘Pr Phosphorus ligand Cone angle (°)
DPPE PH 87
JohnPhos RuPhos ip :
'Pr
e P(OMe), 107
PMe, 118
°""e <>-PPh, PPh, 145
MeI;:O P’Bu EEE o LI PCy, 170
'Pr. 'Pr
? ﬁ; ®  PPh, PPh, P‘Bu 182
Xantphos P(mesityl 212
'Pr (R) BINAP Bite angle = 111° ( y )3

tBuBrettPhos
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» Structure of transition metal complexes — Carbon monoxide

e Carbon monoxide as ligand

o Complexes are available by direct synthesis

Ni + CO —— Ni(CO),

o Complexes are available by reductive carbonylation

WCl, + CO + EtAl - W(CO);
o CO binding modes
0 0
M-C=O0 <~—> M-C=O A M=C=0—M c/\
/
M—M M—M
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» Structure of transition metal complexes — Carbon monoxide

tC=—0: + M ——> M—C—0 =——> M=C=0O0

c-donor / ‘ Q.

VRN / ' / =R
E%) ®C§O —> EO ;II \ /
n-acceptor (r-backbonding) Y %

(-\ \\ \\
s g:g - eczo
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» Structure of transition metal complexes — Carbon monoxide

* Carbon monoxide as a tool to determine the scope of n-backbonding

CO Ph3P\ ,CO Ph3P~ .CO Ni(CO Co(CO 1- Fe(CO 2-
CI’Ir‘PPh3 CI’IE.Dt PPh, (CO)4 (CO)4 (CO),4
Vco = 2143 vco = 1860 vco = 2100 vco = 2057 vco = 1886 vco = 1785
decreased increased
n-backbonding n-backbonding

* Carbon monoxide and electronic properties of P-ligand

Ni(CO)sL €O vco =2143 Ni(CO), vco = 2057

P(t-Bu), P(Cy); P(Me), P(Ph); P(4-OMeCgHy); P(OMe); P(OPh); PF;

veco = 2056 vco =2056 vep = 2064 vco =2069 Vco = 2069 vco = 2079  vco = 2085 vco = 2110
weakest donor
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» Structure of transition metal complexes — Alkenes

CH,
H,C=CH, + M — M—]| -~ M

CH,

d-donor ligand

\
\
\
\
l’ '
" , \ JE—
m 1 \ /
1 \ /
/
N 7/
’

n-acceptor ligand (rn-backbonding)

— GO
— 30
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» Structure of transition metal complexes — Alkenes

* Examples of stable alkene complexes

—

I I € Feco WM
I benzen, 50 °C Fe(CO);3
unstable bl Cl 46 %
stable yellow liquid
H
)
Fe(CO); Fe(CO); o
N
A (}Fe(CO)g, Ph\f‘/“
y/, N\ N

Ar

Fe(CO);

\

a

Hj;

()
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» Structure of transition metal complexes — Halides

Halides
electronegativity

Q
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» Structure of transition metal complexes — Halides binding in organic synthesis

5 mol % Pd(OAc),, 200 mol % LiBr

AcOH

—"Pr _ _
O=< Common intermediate

LiBr (excess)

OH i CHO
+ PdBr
N-"pr
o)
Z > CHO -0 -

5 mol % Pd(OAc),, 10 mol % LiBr

AcOH

CH

N-"pr

o O

85 %

O

Tprotolysis

CHO
PdBr,

N-"pr

07 0

CHO

-—

N-npy

o~ O
94 %

- 2-

Organometallics 2000, 19, 775
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