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So eine Arbeit wird eigentlich nie fertig, man muß sie für fertig erklären, wenn man nach Zeit und 

Umständen das Möglichste getan hat. 

 

Johann Wolfgang von Goethe 
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4.82  R=Me
4.83  R=Et

N N

OO

Au

K2CO3
Au(tht)Cl

Cl

4.45

[M(cod)Cl]2

N N

N OO

R

4.39  M=Rh, R=Ph
4.40  M=Ir, R=Ph
4.41  M=Rh, R=Mes
4.42  M=Ir, R= Mes

CO (g)

N N

N OO

R

4.43  M=Rh, R=Mes
4.44  M=Ir, R= Mes

M Cl M ClOC
CO

3+
3 PF6

N

N
PF6 N

R1

R1

Ru

R1

R1

Ru

N

THF, RT

R1

R1

R2

R1
R1

R2

4.59  R1=iPr, R2=H
4.60  R1=Me, R2=Me
4.61  R1=H, R2=H
4.62  R1=iPr, R2=H, ges.

R2 R2

4.63  R1=iPr, R2=H
4.64  R1=Me, R2=Me
4.65  R1=H, R2=H
4.66  R1=iPr, R2=H, ges.

Ru(II)

N NN

PF6

+ 2

N N Ru(II)

N NN

PF6

+ 2
THF, RT

2+
2 PF6N

Ru Ru

N

4.68

SeMesMes

4.67

Se

N
N

R

C.13  R=Me
C.14  R=Et
C.15  R=Bn

Se

KOtBu

S8

NaHMDS /

CO (g) CO (g)

“Base“

N N

OTf

C.1

[(C.1)Rh(η4-cod)Cl]BF4

[(C.5)Rh(η4-cod)Cl]OTf

N

N

R

X

C.16H  R=Me, X=OTf
C.17H  R=Bn, X=PF6

N
N

R
S

4.84  R=Me
4.85  R=Bn

NaHMDS

N
N

R

C.16  R=Me
C.17  R=Bn



N

N

N

N

N

N
O

N

N
O

Ph

Ph

N

N
N

O

O

Ph

N

N
N

O

O

Mes

N

NO

O

N

NN
N

N
N

N
N

Bn

N
N

N
N

N
N

N N*Cp(Ru)Mes Mes(Ru)Cp*



σ π

N

NFG

FG
Wittig reaction

Imine formationAldol condesation

Imide formation
N

N

N

N
O

N

NN
N

N

N
N

O

O

Ph

C.3

C.2

C.9

C.6

FG = CHO, COCl

N

NNC

NC

4.1

N

NHOOC

HOOC N

NEtOOC

EtOOC N

NHO

HO

N

NO

O

4.2 4.4 4.5

4.0

89 % 66 % 80 %

DIBAL-H IBX

78 %
6 steps, 27 %, starting from DAMN



N N N N

C.2 C.1

- H-

δ 77Se: 20 ppm
TEP: 2053 cm-1 TEP: 2070 cm-1

δ 77Se: 472 ppm

+ 17 cm-1

+ 452 ppm

C.1H

N

N

-H+

deprotonationhydride abstraction



2+

N

Ru Ru

N

4.68

Se

4.67

N N

Se

+ 97 ppm

Δ  δ 77Se

δ 77Se: 35 ppm δ 77Se: 132 ppm

2 Cp*Ru+

N N

O

N N

O

C.5

N N

OH

Xprotonation

C.3 C.3’



σ

N N

OO

C.8

4.0
N

N

COCl

COCl

4.3

N N

N OO

R

C.6  R=Ph
C.7  R=Mes



σ

N

NN
N

deprotonation

N

NN
N

C.92Ha C.9

N

NN
N

4.52

alkylation

N
N

R N

N

R

N
N

R N

N

R

-H+ -H+

C.10 R=Me
C.11 R=Bn

C.13 R=Me
C.14 R=Et
C.15 R=Bn

C.12 R=Me C.16 R=Me
C.17 R=Bn



Rh

Cl

C1

C2
C3

C4

N2
N1

C5



N

NNC

NC

4.1

N

NHOOC

HOOC N

NEtOOC

EtOOC N

NHO

HON

NClOC

ClOC

4.2 4.3 4.4 4.5

N

NO

O

4.0

NaOH SOCl2 EtOH IBXLiAlH2

O

OH
MeI

O O
H2N NH2

S

NH

N S

H2O2

N

N

4.8

4.9

MeOTf
N

N

C.1H

2 OTf

N

N
O

R

R

N

N
O

R

R

C.3H  R=H
C.4H  R=Ph

BF4

NaHMDS S8 / Se

o. KOtBu
N N

O
RR

C.3  R=H
C.4  R=Ph

N N

O
RR

X

[M(cod)Cl]2

N N

O
RR

M Cl

4.20  X=S R=H
4.21  X=Se R=H
4.22  X=Se R=Ph

4.23  M=Rh R=H
4.24  M=Ir R=H
4.25  M=Rh R=Ph

N N

O
RR

M ClOC
CO

4.26  M=Rh R=H
4.27  M=Ir R=H
4.28  M=Rh R=Ph

CO (g)
N N

OH

OTf

Ir Cl

TfOH

4.24H

N
N N

N

4.52

N

N
OTf

C.2H

KOtBu

N N

[Rh(cod)Cl]2

N N

Rh Cl

N N

Rh Cl

BF4

(Ph3)CBF4 N N

Rh Cl

BF4

OC
CO

N N

Rh Cl
CO

OC

4.134.14 4.16 4.17

C.2

N N

Se
4.12

N N

BF4

Se
4.15

(Ph3)CBF4

4.18  R = H
4.19  R = Ph

RCH2COCH2R
N2H4

N

N
N

O

O

R

4.31  R = Ph
4.33  R = Mes

N

N

4.11

KOtBu
C39H36P2 . 2 BrNH2-R

N

N BF4O

O

C.8Ha
NaHMDS

N N

OO

C.8

[M(cod)Cl]2

N N

OO

M Cl

4.46   M = Rh
4.47   M = Ir

CO (g)
N N

OO

Rh
CO

ClOC

4.48   M = Rh
4.49   M = Ir

o. KOtBu

N
N

BF4

C.12H

KOtBu N
N

C.12

N
N

RhCl

N
N

RhCl CO
CO

[Rh(cod)Cl]2

4.864.87

CO (g)

N

NN
NN

NN
N

S

S

N

NN
N

[M(cod)Cl]2

4.56  M = Rh
4.57  M = Ir

KOtBu

4.54

S8 Se
N

NN
N

Se

Se

C.9 4.55

M Cl

M
Cl CO (g) N

NN
N

Rh
Cl

CO
CO

Rh ClOC
CO

4.58

N

NN
N

2 OTf

C.92Ha

N

N
N

O

O

R

C.6H  R = Ph
C.7H  R = Mes

BF4

N N

N OO

R

C.6  R=Ph
C.7  R=Mes

N N

N OO

R

X

4.35  X=S R=Ph
4.36  X=S R=Mes
4.37  X=Se R=Ph
4.38  X=Se R=Mes

NaHMDS

S8 / Se

o. KOtBu

N
N

R

C.10  R=Me
C.11  R=Bn

KOtBu

S8 Se
N
N

R
Se

N
N

R
S

4.69  R=Me
4.70  R=Bn

4.71  R=Me
4.72  R=Bn

[M(cod)Cl]2

N
N

R
M Cl

4.73  M=Rh, R=Me
4.74  M=Rh, R=Bn
4.75  M=Ir, R=Bn

CO (g)
N
N

R
Rh ClOC
CO

4.76  M=Rh, R=Me
4.77  M=Rh, R=Bn

N
N

R

C.10H  R=Me X=BF4
C.11H  R=Bn X=PF6

X

N
N

R

C.13H  R=Me, X=OTf
C.14H  R=Et, X=BF4
C.15H  R=Bn, X=PF6

X

N
N

R
S

4.79  R=Me
4.80  R=Et
4.81  R=Bn

N
N

R
Se

4.82  R=Me
4.83  R=Et

N N

OO

Au

K2CO3
Au(tht)Cl

Cl

4.45

[M(cod)Cl]2

N N

N OO

R

4.39  M=Rh, R=Ph
4.40  M=Ir, R=Ph
4.41  M=Rh, R=Mes
4.42  M=Ir, R= Mes

CO (g)

N N

N OO

R

4.43  M=Rh, R=Mes
4.44  M=Ir, R= Mes

M Cl M ClOC
CO

3+
3 PF6

N

N
PF6 N

R1

R1

Ru

R1

R1

Ru

N

THF, RT

R1

R1

R2

R1
R1

R2

4.59  R1=iPr, R2=H
4.60  R1=Me, R2=Me
4.61  R1=H, R2=H
4.62  R1=iPr, R2=H, ges.

R2 R2

4.63  R1=iPr, R2=H
4.64  R1=Me, R2=Me
4.65  R1=H, R2=H
4.66  R1=iPr, R2=H, ges.

Ru(II)

N NN

PF6

+ 2

N N Ru(II)

N NN

PF6

+ 2
THF, RT

2+
2 PF6N

Ru Ru

N

4.68

SeMesMes

4.67

Se

N
N

R

C.13  R=Me
C.14  R=Et
C.15  R=Bn

Se

KOtBu

S8

NaHMDS /

CO (g) CO (g)

“Base“

N N

OTf

C.1

[(C.1)Rh(η4-cod)Cl]BF4

[(C.5)Rh(η4-cod)Cl]OTf

N

N

R

X

C.16H  R=Me, X=OTf
C.17H  R=Bn, X=PF6

N
N

R
S

4.84  R=Me
4.85  R=Bn

NaHMDS

N
N

R

C.16  R=Me
C.17  R=Bn



N

N

N

N

N

N
O

N

N
O

Ph

Ph

N

N
N

O

O

Ph

N

N
N

O

O

Mes

N

NO

O

N

NN
N

N
N

N
N

Bn

N
N

N
N

N
N

N N*Cp(Ru)Mes Mes(Ru)Cp*
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≈

N

N

N

NO

O
IBX

DMSO, 16h, RT

C6H6N2O2
[138.13]

HO

HO

C6H10N2O2
[142.16]





v ν v

ν

N

N
O

N

NO

O

1) Me2CO       
2) NaOH (aq.)

EtOH, 16h, RT

C6H6N2O2
[138.13]

C9H8N2O
[160.18]



v ν

v ν

N

N
O

N

N
O Me3OBF4

MeCN, 2 h, RT

C9H8N2O
[160.18]

BF4

C10H11BF4N2O
[262.01]



N

N
O

I

C10H11IN2O
[302.12]

N

N
O MeI

MeCN, 70 °C.

C9H8N2O
[160.18]



N N

O

S

THF, -80°C  RT

1) NaHMDS
2) S8

C10H10N2OS
[206.26]

N

N
O

BF4

C10H11BF4N2O
[262.01]



N N

O

Se

N

N
O

BF4

C10H11BF4N2O
[262.01]

THF, -80°C  RT

1) NaHMDS
2) Se

C10H10N2OSe
[253.16]



N N

O

N

N
O

BF4

C10H11BF4N2O
[262.01]

THF, -80°C  RT

1) NaHMDS
2) [Rh(cod)Cl]2

C18H22ClN2ORh
[420.74]

Rh Cl



v ν



N N

O

N

N
O

BF4

C10H11BF4N2O
[262.01]

THF, -80°C  RT

1) NaHMDS
2) [Ir(cod)Cl]2

C18H22ClIrN2O
[510.05]

Ir Cl





N N

O

C18H22ClIrN2O
[510.05]

Ir Cl
CD2Cl2, RT

CF3SO3H
N N

Ir Cl

OH

OTf

C19H23ClF3IrN2O4S
[660.13]



v ν ν

ν

DCM, RT

CO (g)

N N

O

C18H22ClN2ORh
[420.74]

Rh Cl

N N

O

Rh ClOC
CO

C12H10ClN2O3Rh
[368.58]



v ν ν ν

DCM, RT

CO (g)

N N

O

C18H22ClIrN2O
[510.05]

Ir Cl

N N

O

Ir ClOC
CO

C12H10ClIrN2O3
[457.89]



N

N
O

N

NO

O

1) Bn2CO        
2) NaOH (aq.)

EtOH, 16h, RT

C6H6N2O2
[138.13]

C21H16N2O
[312.37]



N

N
O

BF4

C22H19BF4N2O
[414.21]

N

N
O

C21H16N2O
[312.37]

Me3OBF4
DCM, 16h, RT



N

N
O

BF4

N N

O

Rh Cl

C30H30ClN2ORh
[572.94]

THF, -80°C  RT

1) KOtBu
2) [Rh(cod)Cl]2

C22H19BF4N2O
[414.21]





v ν ν

N N

O

Rh ClOC
CO

N N

O

Rh Cl

C30H30ClN2ORh
[572.94]

DCM, RT

CO (g)

C24H18ClN2O3Rh
[520.77]



N N

O

Se

N

N
O

BF4

THF, -80°C  RT

1) KOtBu
2) Se

C22H19BF4N2O
[414.21]

C22H18N2OSe
[405.36]





N

N BF4O

ON

NO

O

C6H6N2O2
[138.13]

Me3OBF4

MeCN, 16h, RT

C7H9BF4N2O2
[239.96]



N

NO

ON

NO

O

C6H6N2O2
[138.13]

MeOTf

DCM, 20 h, RT

OTf

C8H9F3N2O5S
[302.22]



N N

OO

Rh ClN

N BF4O

O

C7H9BF4N2O2
[239.96]

THF, -80°C  RT

1) NaHMDS
2) [Rh(cod)Cl]2

C15H20ClN2O2Rh
[398.69]

N N

OO

Rh ClN

N BF4O

O

C7H9BF4N2O2
[239.96]

THF, -80°C  RT

1) KOtBu
2) [Rh(cod)Cl]2

C15H20ClN2O2Rh
[398.69]





v ν ν

N N

OO

Rh Cl

C15H20ClN2O2Rh
[398.69]

DCM, RT

CO (g)
N N

OO

Rh
CO

ClOC

C9H8ClN2O4Rh
[346.53]



N N

OO

Ir ClN

N BF4O

O

C7H9BF4N2O2
[239.96]

THF, -80°C  RT

1) NaHMDS
2) [Ir(cod)Cl]2

C15H20ClIrN2O2
[488.00]

N N

OO

Ir ClN

N BF4O

O

C7H9BF4N2O2
[239.96]

THF, -80°C  RT

1) KOtBu
2) [Ir(cod)Cl]2

C15H20ClIrN2O2
[488.00]





v ν ν

N N

OO

Ir Cl
DCM, RT

CO (g)
N N

OO

Ir
CO

ClOC

C15H20ClIrN2O2
[488.00]

C9H8ClIrN2O4
[435.84]



N N

OO

Au
N

N BF4O

O

K2CO3, Au(tht)Cl

Aceton, 60 °C, 3h

C7H9BF4N2O2
[239.96]

C7H8AuClN2O2
[384.57]

Cl



N
N

Au

Cl

O

O

N

N

Au
Cl HO

O



N

NN

NH

1) CH2O, HCl, Dioxan, RT

2) H2O, NH4PF6

PF6

C13H20N2
[204.32]

C14H21F6N2P
[362.30]





RuN

N PF6

C14H21F6N2P
[362.30]

THF, RT

[Cp*Ru(MeCN)3]PF6 N
N

2+
2 PF6

C24H36F12N2P2Ru
[743.56]



N

N

N

H
N

H2O, 90 °C
H2O2

S

C8H6N2S
[162.21]

C8H6N2
[130.15]



MeCN, RT
MeOTf

N

N

N

N OTfI

I

C9H9IN2
[272.09]

C11H12F3IN2O3S
[436.19]



N

N

neat, 0 °C  RT
MeOTf

C12H12F6N2O6S2
[458.35]

C8H6N2
[130.15]

N

N OTf

OTf



N

N

N

NO

O
THF, -80°C  RT

C6H6N2O2
[138.13]

P P
Ph

Ph
Ph

Ph

Ph
Ph 2 Br1)

2) KOtBu

C9H10N2
[146.19]



N

N

C9H10N2
[146.19]

N

N
OTf

C11H13F3N2O3S
[310.29]

MeOTf

DCM, RT



THF, -80°C  RT

1) KOtBu
2) Se

N

N
OTf

C11H13F3N2O3S
[310.29]

N N

Se
C10H12N2Se
[239.18]



THF, -80°C  RT

1) KOtBu
2) [Rh(cod)Cl]2

N

N
OTf

C11H13F3N2O3S
[310.29]

N N

Rh Cl

C18H24ClN2Rh
[406.76]



v ν ν

N N

Rh Cl

C18H24ClN2Rh
[406.76]

N N

Rh Cl
CO

OC

CO (g)

DCM, RT

C12H12ClN2O2Rh
[354.60]



N N

Ph3CBF4

DCM, RT N N

BF4

Se Se
C10H12N2Se
[239.18]

C10H11BF4N2Se
[324.98]



N N

Rh Cl

C18H24ClN2Rh
[406.76]

Ph3CBF4
DCM, RT

N N

Rh Cl

BF4

C18H23BClF4N2Rh
[492.56]



v ν ν

N N

Rh Cl

BF4

C18H23BClF4N2Rh
[492.56]

N N

Rh Cl

BF4

CO
OC

CO (g)

DCM, RT

C12H11BClF4N2O2Rh
[440.39]



3+
3 PF6

N

N
PF6

N

Ru Ru

N

C47H67F18N2P3Ru2
[1297.10]

C27H37F6N2P
[534.57]

THF, RT

[Cp*Ru(MeCN)3]PF6



3+
3 PF6

N

N
PF6

N

Ru Ru

N

THF, RT

[Cp*Ru(MeCN)3]PF6

C27H39F6N2P
[536.59]

C47H69F18N2P3Ru2
[1299.12]



3+
3 PF6

N

N
PF6

N

Ru Ru

N

THF, RT

[Cp*Ru(MeCN)3]PF6

C15H13F6N2P
[366.25]

C35H43F18N2P3Ru2
[1128.78]



2+
2 PF6

N

N
N

Ru Ru

N

THF, RT

[Cp*Ru(MeCN)3]PF6
Se Se

C21H24N2Se
[383.40]

C41H54F12N2P2Ru2Se
[1145.93]



N

N
N

O

O
N

N

Cl

Cl

O

O

NEt3, DCM, 0 °C  RT

C6H4Cl2N2O2
[207.01]

Ph-NH2

C12H9N3O2
[227.22]

N

N

O

N

O

N
+

C18H16N4O2
[320.35]

H

H





N

N
N

O

O
N

N

Cl

Cl

O

O

NEt3, DCM, RT

Mes-NH2

C6H4Cl2N2O2
[207.01]

C15H15N3O2
[269.30]



v

N

N
N

O

O

BF4N

N
N

O

O
Me3OBF4

DCM, RT

C16H18BF4N3O2
[371.14]

C15H15N3O2
[269.30]



N

N
N

O

O

BF4N

N
N

O

O
Me3OBF4

DCM, RT

C12H9N3O2
[227.22]

C13H12BF4N3O2
[329.06]



N N

N OO

S

N

N
N

O

O

BF4

C16H18BF4N3O2
[371.14]

THF, -80°C  RT

1) KOtBu
2) S8

C16H17N3O2S
[315.39]



N N

N OO

S

THF, -80°C -> RT

1) KOtBu
2) S8

N

N
N

O

O

BF4

C13H12BF4N3O2
[329.06]

C13H11N3O2S
[273.31]





N N

N OO

Se

THF, -80°C  RT

1) NaHMDS
2) Se

N

N
N

O

O

BF4

C16H18BF4N3O2
[371.14]

C16H17N3O2Se
[362.29]



N N

N OO

Se

N

N
N

O

O

BF4

C13H12BF4N3O2
[329.06]

THF, -80°C  RT

1) NaHMDS
2) Se

C13H11N3O2Se
[320.21]



N N

N OO

THF, -80°C  RT

1) KOtBu
2) [Rh(cod)Cl]2

N

N
N

O

O

BF4

C16H18BF4N3O2
[371.14]

Rh Cl

C24H29ClN3O2Rh
[529.87]





N

N
N

O

O

BF4

C13H12BF4N3O2
[329.06]

N N

N OO

THF, -80°C  RT

1) KOtBu
2) [Rh(cod)Cl]2

Rh Cl

C21H23ClN3O2Rh
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