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Steric restrictions
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Symmetric restrictions R
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Electron-transfer-Catalysis

Electronic restrictions

18e-Complex I
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The reaction works catalytically, because PPh; is a stronger t-acid than CH;CN.

Thus, the substituted complex becomes more precious than the starting compound.



Electron-transfer-Catalysis

Electronic restrictions
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Electronic restrictions 1.
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Reductive elimination
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Temporary free Coordination Sites (Hemilabile Ligands)

labile or weak

O "}
AN Entropically:
M MO ,> Ring size smaller or larger than 5

stable (or 1nert)

|

Sterically (enthalpically):
introduction of large substituents at D (Bu, Adamantyl)




4,

Temporary free Coordination Sites (M-H cis to CO)

Metal hydrides insert CO in contrast to M-Alkyls reversibly!
Metal hydrides often substitute easier than other similar complexes. They are sensitive

to traces of radicals present, because those start a by homolysis of the
M-H bond!
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Neighboring group effect
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Dynamic lone pair
Formally an 18e-complex C,
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Characterization of metal carbonyl complexes

240ppm tq 184 ppm 184 ppm >184ppm
NMR NMR | NMR
Oi3c <2143 em” B3¢ 2143 cm’ Oi3c >2143 cm’
l Vco l Vco l ,Yco
M c=0| |c:lo| M =0
Ti>l.l28A 11.128221/\ T*TI.IE8A
dco dco dc.o

%—8 . classic ‘“8 ; non—. . Q:) S T
classic

metal-n-donation predominates Ligand-c-donation predominates



Characterization of metal nitrosyl complexes

-30 ppm {5 +50 ppm
NMR

15N I()l() 830 cm’!

'Tyn>10 Hz v
l é N-—O
N=0l|
+
IN==0l
3e-Donor 2950 e’

VNO

S

Ligand-mt-donation predominates

370 ppm {5 720 ppm
1860 cm NMR

015N 1520-1720 cm’
VNO

Y
1\

I.]]\_.-]N{:] 0 Hz

le-Donor

74

Ligand-o-donation predominates



18e-complex

CI/ \ PPh,
PPh,

N,=CHCO,Et

U
~ \ PPh,
PPh,
N,=CHCO,Et

Cl

18e-complex

Indenyl effect
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Ru —
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cat.
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Temporary free Coordination Sites (Charged Polyenes)

Electron-withdrawing and ,,rearomatizing® substituents, annelated to the charged
Polyene, facilitate the substitution at the Metal Center (Indenyl-Effect)!

18e-Komplex 18e-Komplex 18e-Komplex

- + PPhy — I — ! + CO

PPhg+
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Indenyl effect




Pseudo-Jahn-Teller effect

X
F|>R3 @x PRy ©/\ AN il TR
PAd ——> Pd—X — -ﬂ»Pd—x — &Pd—x

oo

base\ cat.

ok

base*HX
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Desymmetrization effects

Coupling of electronic and vibrational structure (Vibronic)

Effect
1 — 1

Jahn-Teller 1. order  Jahn-Teller 2. order Pseudo-Jahn-Teller Renner-Teller

E A
r, ..—T¢ —T, AT
iy Lt — |y i
I', ‘-H—FC +Fb +Fb




Hidden Coordination Sites (Jahn-Teller-Effect)

E )

High T PhiPw___-PPh;
a_— Rh'l'-
PhoP
3IP-NMR 1l
Low T b thpb i
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Dynamic
Process

Spectroscopic
Finding

slow

Longitudinal
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Relaxation
time scale

Chemical
exchange processe

exchange exchange

time scale time scale

olecula
Vibration

Molecula
Rotation

The NMR time scale

21



Pseudo-Jahn-Teller effect

PPh,

PhyP——Rh——PPh,

Cl

PPhs,

PhsP——Rh——PPh,
®




18e-Complexes

Pseudo-Jahn-Teller effect

/

L—M—

Pseudo-Jahn-Teller-Effect / ‘

ET in case of d®-low-spin
)
V‘\ Dan

/ Loss of /

L—M  + |7 + ~ L—M==° +

/ Stereo control "\\J
\
/
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Pseudo-Jahn-Teller effect 7

T- or Y- shape?

My Ta g G g Ty
A N R A U G |
dTt T
n] Ty
PR PR PR PR
| 3 | 3 3 N thh} 3
OCuy,, CIm“"R Clﬂr;,._Rh Mestyy,, Ne ’-N@ ’VH.«._Rh_-GI
i i “Ni i
oc® | Veco oc | N " | N e Wi PN npn, |
PR PR PR _ PR
< o : Mes: Mesityl °

—nt-donors maximize the angle to each other
—6-donors and 1-aceptors prefer 90° and 180° angles to each other



Agostic interactions

S S e

X---H---Y
Y=C, B, Si | Y=C,N, O, F
2e-3c 4e-3
e-3¢ n
X=M |X=B X=M X=N, O, F
agostic IA 2e-3c-Bondung anagostic 1A Hydrogen-bonding IA

Reason: mainly orbital interaction (I1A)

H<e> 7<H }(H }<H

MQ%&;@@;@

n—RUckbindur?g o-Hinbindung
(erfordert d"- (immer mdoglich)
Konfiguration)

& el
X v RS \;‘ KT

agostische WW 2e-3c¢-Bindung

Reason: mainly electrostatic interanction (1A)

X---H---Y

PR Y

X H==Y

() D + @ =OQJCe

anti-bindend

\,
; NH<—N N—NH
\=N

Wasserstoffbriicken-WW

bindend nicht-bindend

3,
©E:> »:MD

anagostlsche WwW
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Hidden free Coordination Sites (agostic Hydrogens)

>

P

co
/
H

oC W

N

oC

N

quasi-18e-Complex

quasi-18e-Complex
quasi-14e-Complex
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Hidden free Coordination Sites (agostic Hydrogens, types)

o-agostic

B-agostic

y-agostic

thp?
C|/l/,,,. l
‘R

u
s | ¢

PPhs
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Agostic interaction (experim. evidence)

Rule: Necessary condition for an agostic interaction are electronic and coordinative undersaturation and
steric availability of the metal center.

d\_!” 1.75A \l\_-_ 1.75-2.8A LE‘-.II 3A

8<0ppm 9‘.11_32.8,’-\ 8,,<0ppm (ljl-]i=_I,D?-l.I93\ 8,>0ppm (11|U| ::Il,(jl-:ﬁjo »
I OHz H ‘]L'H 0 Hz 1., OHz H J(-“—(){i—‘r)[] Hz % ’.1_ =0Hz H -{Hm e s q
i A va=2200-2300 cm”! o 7\ v=2250-2780 cm ‘ \v{-”—zaooaoso cm
N =gy M----2% M %
dMC:I'gA dMC:].g-.}.SA ?MC>3'5A
I-](_‘M{:'n Hz 1JCM{3"0 Hz J[_‘M:O’ Hz

Oxidative addition Agostic interaction No interaction

agostic anagostic H-bond
H (preagostic)
N/

<y c— My X——H----M
Bonding 3c-2e 3c-4de
CHM angle 90° to 130° 130° to 170° 160° to 180°
d; NMR) upfield shift ~ downfield shift ~ downfield shif]

. 1.8t022 A 231029 A 2.65t03.5A

Uy Coupling yes no




Agostic Interactions (influences)

Charge on the metal

’
’
’

E
@pr+'

—

C-H

Interaction ~ overlapp/energy gap

Sterics on the ligand

al

—
.
.
.

C-H

Positive charge at the metal center causes
orbital contraction, which worsens the overlap
abilities of this orbital.

The metal center becomes more electrophile.
The ligand to metal 6-bonding is stronger, while
The metal to ligand mt-back bonding is weaker.
(The energy of the orbitals at the metal center is
lowered by positive charge. In general positive
charge at the metal center weakens the agostic
interaction

(important with Ziegler/Natta-Chemistry).

—
.
-
-

al |

C-H

C-H

Orbital polarisation by trans-ligand

Sterically demanding substituents
Reduce the mobility of the C-H-
bond and freezes this bond.

In general, this is postive for an
agostic interaction.

Overlap properties and energies

of the orbitals are not influenced.

Strong 6-Donors polarise the HOMO towards them,
and the LUMO away from them. This is advantageous
for the ligand to metal o-bond part of the agostic
interaction, however the LUMO is raised energetically,
which increases the energy gap between HOMO-C-H-
Orbitals and Metal-LUMO-Orbitals. This weakens the
interaction.

Strong m-aczeptors polarise the HOMO towards then,
and the LUMO away from them. This is
disadvantageous for the metal to ligand m-back bonding
part of the agostic ineraction. The HOMO is lowered
decisively in energy, which increases the energy gap
between LUMO-C-H-Oribtals and Metal- HOMO-
Orbitals and, thus, weakens this interaction as well.



Agostic Interaction or No Agostic Interaction?
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Agostic interactions

Jep=110Hz
o= 124 Hz

L/ _
t-Bu/O\/Re t-Bu/\/Re/<

o// AN /Si\o /O
o~

o= 109 Hz

t-Bu

H

t-Bu
| 0—

s

o/ AN o | \o\

o= 159 Hz
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Et-CN

The Complete

Coupling of Coordination Sites

NCEt

OCry,, | WNCEt
W

oc™” | N

CcO

Kubas-Complex

Decrease of
Coordination number

Generation of a Hidden
Coordination Site
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