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Ubersicht TUG

e Kovalente C-Liganden
Alkly
Aryl und Vinyl
Alkinyl
Cyanide
Carbine
Allyl, Benzyl, Trimethylenmethan
Cylopentadienyl und Verwandte

. Hydride



Ubersicht TUG

e Kovalente Heteroatom-Liganden
Amide
Nitrosyl
Polydentate N-Donors
B-Diketimidinate
Alkoxide
Boryl
Phosphide
Silyl
Halogenid



Hydrocarbyle TUG

)\ L M—< P Vi _
L,M=CH; LM L,M " L,M L,M—==

Methyl Benzyi Neopentyl Phenyl Vinyi Alkynyl

Th U Tz M Mn To Re Co Ah I
CLM-R ClLM-R R-M(CO)s R-M(CO),

Figure 3.2. Relative strengths of representative M-C bonds. Data from reference 30.



Alkylkomplexe

TUG

Transmetallierung RM + L,MX === L ,RM" + MX

M = Li, Mg, Zn, Al
M" = transition metal

/CBH1 7

CPQZY\ -+ AigCIG e 20p22r0I2 + n~C8H17A[CI2
Cl

O CHs
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¢l C Cl

Alkylierung/Oxidative Addition Cp
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F
oc™, e\Et
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[CoFe(CO),)® + Efl —

4 Y

Li[(‘]’]S“C5Me5)]r(PM83)H] =+ IT_C5H11OTf — /ir\
MesP

LiOTt

(MegP)4Co(CH5) + MeBr —— (Me,P)aCoMe,Br



Alkylkomplexe TUG

. | /\/\/\/\
Weiter Methoden CpoZtHOl + == ™ CpaZr_
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|
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Alkylkomplexe Reaktivitat

TUG

1.5 Zn(CH,Bu! 2 LiCH,Bu! %
TaCls 2B )s Ta(CHyBU')4Cly —— 2+ (Bu!CH,)sTa =
¥ i
Fe .
oc™y, oo N
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Cl e
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/N\ @© J\ 7N @ /\/
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Arylkomplexe

Ph2

Ph
P Cl p PO Transmetallierung
(: Rh_ p-TolLi. Rh . o
4 i i
PN RT N Cp cp
Phg ) THF Ph ;o Ao PALI Re
. - ONC;E;/ S T TONT | T
CPhTNL |
0 J
BuzSn 7 g/
I .l
+ PICI t c c
oy T el 0 i §
Re PhCu Re
W B W ~
on¢ el ON"/ TPh
O ole oc
PheP.  _Cl PheP. _p-Tol
_Rh +  Zn(p-Tol)y ——> _Rh_ +  Zn({p-Tol)Cl
0" “PPhs 0c” “PPhy
Oxidative Addition
OMe OMe
F PhoP. |
\N/ A Q/ Pd(PPhy), + PAl ——  ° Pd + 2 PPhg
\ Ph”  “PPh
[ “Pd + (HO), — . Pd F 3
AN AG20 y »/K
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a F o S IMA(CO)s 7 i PhMn(CO)
FM n m-Yls
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Arylkomplexe: Reaktivitat

TUG

9 §<> I (H) ---%e

CCHj CPh |
(COlRe |

Ph | | CHy |

Pyridinium tribromide
Fe powder

CHQ, Clz, rt

Pd(0), K,CO5, DMF




TUG

ZiCly + ALi(PhC=CMey) —+  Zi(CPh=CMey),
Ph
Ph
N
Pt{PPhg)s + ‘=== ——
ar Ph;P ~Pt-PPh,
Br
,,.,..../\/\
/""._..._
CpoZtHOl + ==-—" > —= CpaZt
of
" CHj
e C
Cp\ _CHg | P .C-CHs
Fe=C=C | Na[B(OCHg)sH] Fe-C
o ppp, CHs PP PP
(EDEO Nge CIJP Me
| ‘__,Cr“““—m PhoCu(CN)Lis Fe y
LocY/ | oc*/ Ph

- PhgP Me | PheP  Me



Alkinylkomplexe

TUG

N TN
N\ /N N\ /N
HC=CR, Buli, Et,O (method A)
— Jo— J— = R
O IRTY THCEOR T AgOTT (methoa By~ OC T RTTCECH
OoC CO + EtgN, THF oC CO
_ PEt,
Cuz(C=CO0MAPPRs -+ PPN o) 66 =G-Pd=COOLA + 2 CuCiPPh
+ PdCIy(PEts), avb=bmra= 2 uCli(PPhg)s
PEt,
PR, PRy
I Cul catalyst - !
CI=-M-Cl + 2HC=CR R-C=C-M~C=C~R
! base i
PRs PR3

(M=Ni, Pd, Pt)



Enolatkomplexe

o

™
LnM MLI‘?

O/ML” o o \O
R)\ R)K/MLH R)&/ML,, 2//

Binding modes of transition metal enolate complexes.

Me,, |
_Ta—Me Ph, =
Me” | P | PPh,Et
7y Pd__ cH, PN
N | P Ph,EIP o

rd Me

The effect of the trans ligand on C- vs. O-binding modes of palladium
enolates.
Early metals



Enolatkomplexe: Synthese

TUG

HyC._.0
O PhCH PhgP J/
T Cl\)kCH 25°C o ppig
oK
Ph, Pho
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N PhCHs s CHs
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0
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Cyanidkomplexe: Synthese

TUG

H
PP, €O oy PhoPu, IEr____.\\co
o1 Pph, o™ | ven
PPhg
PhgP,,  WCN
Pt(PPhs)y + N=C-C=N —— TPt + 2 PPhg
"
Cyanogen PhsP “~eN
Prgf Przi
P. N P WCN
[ /Ni—wlcl:i  — Ni'\‘
P | P{ CHg
Prg’ CHB Pl’g’
| gl [ im©
% C!/f,, \‘\\Cl 22@ % NC,”r. ‘\“\CN 32
(K®), | Pt | + 4KCN — (K9), Pt |+ 4KCl
o7 ol Ne” YoN
CcO ¢ CN e
| CO | | GO
OC—Fe’ +  [MeyNJ[CN] —— [Me,4N]® OC—Fe ] .+ CO
| ~co ‘ | ~co|
CO CO



Allylkomplexe

TUG

2 1 2 1 2
LM SR Rl AR Rl R ™™
N PN P MLn
R! ML, L,M ML, LHMA
An 7'-allyl complex An m3- or w-allyl complex Two types of bridging allyl complexes
&
I
. /Pd ~
<i< ct__ Gl
Ni (n°~CgHs)3Cr (n®~CgHs)aZr Pid
b =
Ni(lh) Cr(iip Zr{lV) Pd(ll)

Megyn
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L gt
‘,f Pd \fﬂfﬁf
Meanti

Meanti

1




Allylkomplexe: Dynamik

TUG

Hg He
Hp Hb%\/Hb Hb%/Ha
— o= T
Ha Ha M Ha M Hb

—-‘GBFll@

H

He
H“\74‘é*>r/
HaNl H,
H Dissociation
| toform a
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? “pg \r ligand
i
H
HA N €

|
PP N
AN
Ind
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Hs  Ho

H
|

N /PPh2

Rotation \‘/ Pd

H

Ha He
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Coordination
to regenerate
a bidentate
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Allylkomplexe: Synthese

TUG

>
MgBr L
2 Ao + NiBr, — Ni
<&
“ ph_9 Q pn ph_¢ ? pn
\\/”\SHMQB Ph/P~—~Pd-P\ —_— Ph/Pwmedwmp\Ph
OC(O)CF, H H
| H
H™ H

[Pd]® or [Rh]
J oL Y )

or [(CO),RhCI],
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Allylkomplexe: Synthese

RCO(CO), + A~ RN —Co, S(Co(cm3

R = H, alkyl, R{O)C




Benzykomplexe: Synthese

TUG

L
" SsD NaBPhy H/@
Cl=Pd=C LiCH T
L D pd® BPh
UL
R
i
PP phcHMgC
Cl——Rh’ — . i
PPF’s p‘__Rh/PF’r:;
T PPri

cl
0 . —— N
Pd® + PhCH,CI Q(Pd\ /Py
Cl
[LoPdMe(CH,Clp)]® @%Psz

L, = Tetramethylethylenediamine {TMEDA)



Trimetlylenmethan (TMM) Komplexe TUG

Fe,(CO)q )\ A -HCL <
A\/C[ /|‘\
CI(CO)4Fe Fe(CO)s
l L Y\ /X ~— Y
ACOJVTMS L4Pd T ! - = :<\/l\
Pd_ X



Cyclopentadienyl (Cp) Komplexe

TUG

Thermodynamik
CpoFe Cp- -+ FeCp  AH = 79 kecal/mol
AH = 79 kcal/mol for Ti
(1>-CpiMCls Cp- + MClg AH = 100 kcal/mol for Zr
AH = 101 kcal/mol for Hf
Synthese
FeCl, + NaCp — CpofFe + 2NaCl
Zf(NM@Q)A, + CpH I szzr(NMeg)g
Cp-Typen

L)

indenyl Fluoreny!




Cyclopentadienyl (Cp) Komplexe TUG

Ansa-Komplexe

Cp-Komplexarten

CpzMo(CO) CpoZrCl, CpolaHs
Mo g4 18ee  ZrV) g0 16ee  TaV) ¢® 18e@



Cyclopentadienyl (Cp) Komplexe TUG

’””jﬁfi//f/'<§222>mmL

Fe
TMEDA Fe TMEDA
@— Li /
Me Me

Me Me

Me 1} sec-Buki Me
THF—78 °C
2) TMSCI

f ) 1) LDA, THF

Eo 1) Bu'li, S, -78 °C
~78 °C 2) R2X

@ 2) R'X



Hydride TUG

Terminale
T\ oHg
Ta —H
\*\H
Verbriickende

(CO)4 Me,

=====Rel,H, (OC);Re.———Re(CO);  Cp(OC),Mo.————=Mo(CO),Cp

P R
1.86A



Hydride: Synthese mit H,

25 °C

WCIPPhg)y + Hp  —5o H,rCI(PPha)a
, 80 atm
OS(COJ(PPhy) + Hp — gt HOS(CO)(PPhy) + CO
NSiMe
o SiMe S | ¢
b N N SiMe COH(CO) + Hy ——r 2 HCo(CO)
' AT 3 2(CO)g + Hg o(CO)q
AR H MesSi~™ N o 6
Me S[/ ,““.'Tl\ : mz = 3 N \\\N i
° SN ""~CH(SiMeg); Pentane / P‘%—“I}'; ) mz-Co(CO)/H;
! ~ ' 4
, MesSi | "N-SiMe,
Me;Si MeaSi-N="-

Path B



Hydride: Synthese TUG

- &
Protonierung Mn(CO)s° H HMN(CO)s

© &

| | H

| i\ _PMePh,  HCI | t\t!/PMeth |

CTHO rl

E ;/ “PMePh, | MO ‘/1 PMePh, |

| | “

(COD)Ir(PMePhs),Cl
CF4SO,H CF43SO4H
M(CO)s ———— HMn(CO); —————= [Mn(CO)s][0sSCF]
Hydride + Hy

WC|6 + NHBH4 + Nan T CDQWHZ

~
Mo .. Na[HAIOCH,CHOCH),] _ nl/;o -

PhoP . !
ey © Toluene PP\ H
PPh, CO PPh, CO




Hydride: Aciditit TUG

Metal hydride M-H pK_ (M-H) E° (M/\1)® BDE (M-H) References?
(V) vs. FcH'/FcH (kcal mol")

HV(CO),(dppe)® 174 ~112 575 434
CpCr(CO)H 13.3 ~0.69 61 435,436
GpCr(CO),(PPh H 218 ~1.29 60 437,438
Cp'Cr(CO),H 170 -0.83 63.6 434,438,439
62.3¢
CpMo(CO),H 13.9 -0.50° 69 435,436
Cp"Mo(CO),H 171 -0.71° 69 435,436
TpMo(CO),H 10.7 -0.52 62 440
CpW(CO)H 16.1 ~0.49° 72 435,436
CpW(CO),(PMe,)H 26.6 -1.28° 70 435,436
[CPW(CO),(PMe )H,I" 5.6 441
TpW(CO),H 14.4 -0.58 66 440
Mn(CO),H 14.1 ~0.56° 68 435,436
Mn(CO),(PPh,)H 20.4 -0.87¢ 68 435,436
Re(CO),H 211 -0.69° 75 435,436
CpFe(CO),H 19.4 -1.35° 57 435,436
Fe(CO),H, 114 -0.40° 68 435,436
CpRu(CO),H 20.2 -1.06° 65 435,436
Cp,OsH" 9.9 -0.06 71 442
H,0s,(CO), 20.4 427 Vgl: pK, von HCl in MeCN: 8-9
[Rh,,(CO),H. 11.0 443
[Rh,,(CO),H, 1> 16.5 443
HNi(depp), ¢ 23.3 -1.34 55 444

HNi(depe);c 23.8 ~1.29 62 445



Amide

TUG

Late Metal-Amides

Early-metal—
amido complexes

+Stronger mw-bonding

*More ionic bonding

-*Hard—hard match
-Stronger bonds

Late-metal-
amido complexes

*mr-Repulsion more common
*Less ionic bonding
*Hard—soft mismatch

*Weaker bonds

, OC, PPhs
LiINMePh | r
v e
OC% \\\pPhS Phsp NMePh
e
& T
PhsP Cl oc N “\Pphs

1.1 equiv. r "

LINHCH,CHMe, ~ "NsP ﬁ\‘/

C!p=§= Cl:p\
.Ru + HoNPh e e RU
Mg U MesP" 2" Ny
MesP MesP
(fp (!:p S0S0,CF ?p
@ 0 2 3 C
Cyo Ru Y2 Ru P ‘%,‘,RU\
= . Elj?_@ P““;/ \NH ﬂ% ‘ / NH‘Z
Ce? @ Cr i </§
Cy2 Cyg Yo

-+ Ag0802CF3 + AgC!



Amide der spaten Metalle: Reaktivitat

TUG

ocC, PPhy NPh
r 110°C c +  (PPhg)a(CO)IrH
Phap” SN(CHPRPR T TMs HTUTPh
95% 95%
Ph,
&R A
=\ PPhg ,
Fo Pd Ar-NRR’ + (DPPF),Pd + (PPhy),Pd
@P/ NRR
Ph,
CYz Ry + C0 — S2mu P
e po =
P P NH,
Cys Cyz
PEt, p-Tol ] H )
Lo Insertion § EtgP No
Et;P-Rh-NH ~ —seton Rh/Y pTol | ———v (EGP)RRH + I
i —PEf3 [ EtaP” N . PEt3

R

Np-Tol

CHy



Amide der fruhen Metalle

TUG

N

Ar
Ar N, | <
~Mo—N Me,Si
ZNV 27

9'4\
Ar F\i /Q

N R = Alkyi; aryl
M yi, ary

Xo M=TizZr

|
R
Synthese
MCl, + nLiNR, —— M(NRy), + nLCl
MCl, + HNR,(excess) —— M(NRy), +~ n HNR,-HCI
Reaktivitat
[MI-NR, + H-X —— [M]-X + H-NR,
ZAN(CHg)ly + 20p—H ~SoZ808— Cp ZiN(CHg)l, + 2 HN(CHa)
54%
(ljp* ?p:’j EtN ?p*
ANHLE +  Ta, EO . Ta., .  —ElNHCI Ta..,
Cl VAN Cl RT 24 Ci PN Cl 85% ArN/ "Ci
cl ¢l CARN T cl

Ar

Mes

Mes



Nitrosylkomplexe

Linear vs. gewinkelt :Nzo:® "N=G" o NG
. 5, R
7 \\NH
| wCO HaNo, c‘o"ﬁ i
OC—Mn & | =
i \CO HaN ‘ NH;
NH;
CO

NO)(NH,) [** containi b tal-nitrosyl
Mn(NOYCO), containing a linear metal-nitrosyl group [Co(NO)NH,),J"" containing a bent mefal-nitrosyl group

Covalent electron-counting method:
Co=9e¢
One bent NO ligand = 1 ¢
Five NH, ligands = 10 e
2+ total charge = -2 e
Total = 18 e~

Covalent electron-counting method:
Mn =7¢
One linear NO ligand = 3 e~
Four CO ligands = 8 e
Total = 18 e

Tonic electron-counting method:
Mn = 8de
Linear NO = NO* ligand = 2 €
Four CO ligands = 8 e
Total = 18 ¢~

Tonic electron counting-method:
Co"=6e
Bent NO = NO- ligand = 2 e
Five NH, ligands = 10 e
Total = 18 e~

Die Anderung des Koordinationsmodus von gewinkelt auf linear geht mit einer Oxidation des Metalls einher!



TUG

Nitrosylkomplexe
Synthese co NO
oC,, | €O |
“Cr. = 4 NQ ——> Cr o, + 8CO
oc” | co on N
co
NO mm“i:?
PhsP..  Cl PhsP,. | .Cl
I + NOY ——r PR
oc”  YPPh, oc” Ypph,

PhaP «PPhy - PhsP,,  wCFs
P Nege, — Pt - 2 PPhy
PP PPh, 3 PhsP NO
Reaktivitat
+ PPhy 0. .Co_
N PPh,

CHg



Mehrzahnige N-Liganden

Polypyrozolylliganden sind isoelektrisch zu Cp

The core ring system The core ring system
of a porphyrin of a corrin

RIN_ _NR' ,
zi }P?\
(NMeo), N Pr Me
Pr D

B-Ketimidinate donieren 2, 4 oder 6 e

HO

Vitamin B,,



G

Alkoxidkomplexe

jre—

55
R

Wechselwirkung zwischen den Lone-Pairs des Alkoxids und den d-Orbitalen des Metalls



Alkoxidkomplexe: Synthese

TUG

LyM-X NaOR

HOR ,
LM-0OR  <—— L,M-R" or L,M-NR",
or L, M- ’
L M=X HOR r L,M-0R
Base
AgOAc KOPh f
Toluene ir ... THF Ir.,
e iy - "
PhgP \MSAC PhyP \M(th
/Pr\if/j{
_tion o T
, , THF, =78 °C L./
Y o P CH
ipy Pr ipy Pr N 3
~ 1/3 equiv. ~d Pri
P. CHs P F Pr
r i Et;N*3HF f Wi
L /0N TE oA e AR T ‘
P om, THR-TBC g gy, -
i - i ; N
e e LIO'BY [P\ J'Bu
Ni
- N
THF, -78 °C Fz/ CHs



Alkoxidkomplexe: Reaktivitat

TUG

H

H

EtsP., | WOCHs EtsP., | oH
I‘r\v
Cl

Ir E—

| PEt, Et,P”

PEt,

i+
]

(CH20),



Borylkomplexe TUG

R R LM,
L,M=B., L,M-B B-R 'L,M=B-R
v R \ /
- R R E,M
Borane Boryl Bridging Terminal
borylene borylene
Synthese s s
o | & Rwma O
,\E/; . —NaCl !
IS
oc ole} OC™/ ™SpR-
; o’ BR%
| P
o. 0O
— O\ /O ?
[(PPh)PHCoHyl + | B-B IR PhyP ~Pt-PPhy
/ O O 24 B
o} i
T
L,M + HBR, - L M-

" BR,



Phosphidkomplexe

. R
LoM—P_ R
n \R L:é:M . /
R-X + PH(Me)Ar -P..,,’
Racemic \ “Me
@ _ Ar
via
M——F},,,
LR
A B Ar

Metal A ;

fragment - " ) :PRS
LR (LMI=P R-X
. o %
- e
J J,. Base
-i‘w Iy
i
il
—}@ G
. A [L*M]-PH(Me)Ar X [L=M]-P..,
,..'.j;. \ “Ar
ir Me
L
i /R
Coordinatively P, PH(Me)Ar
saturated complex \ A Racemic

Bergman, Toste



Silylkomplexe

Back-donation from L,M
Elektronische Eigenschaften into the Si-R o*-orbital
{not into the Si d-orbital)
§
|
| R _—— R groups affects
L,M+Si-R the degree of
/ A electron donation
Often shorter than the ———— R
sum of van der Waals B
radii for late metals M
|

|

Weaker dbnor than
an alkyl based on
Hammett parameters

Synthese

MeSiCl
THF

Na[CpFe(CO),]

LiSi(SiMeg)g THF

'BUCH,)LZrCl
( 2)sZf Toluene

Phs

P Me
N/
P1 +
AN
N Me

Meg

R
s/
H+Si~R
LR
N pK, values:
(Me3Si)5SiH: 29.4 (in diethy! ether)
Ph,SiH: 35.1 (in THF)

('BUCH,)5Zr-Si(SiMeg)s + LICI

Ph2 M82

HMe,Si ,
2 Xy Benzene, 60 °C N =

| /5 P + 2CH,
HMe,Si N ST NF

M62 M62



Silylkomplexe

TUG

Synthese

Cp*Ru(PPris)Cl

PH{(PEts)4

PhSiH,

XSiMeg

X=8Br

CE

Cp#ScPh + MesSiHy — | OP725¢  H

, — Cp*,3¢SiHMes
Si
HyMes |

Cp*RuU(PPr5)(SiH ,PRY(H)CI

trans-PH{PEt3),(SiMes)X

T

CeHs



Halogenide

TUG

Steric properiies of halides and halide ligands.

F Ci Br

2

lonic radius (A"

1.36 1.81 1.95 2.16

Cone angle (°)°* 92 102 105 107
~AHpm
| CF4S04H | CF5S08 |
w8 e s, Br
PhaP N J \X Phgp“ / \ “H Cl
Ph,P PhsP X F
Cp*,2rCl, Zr=Cl__ 115 kecal/mol
Cp*,2ri, Zr-l_ . = 80.4 kcal/mol

AV

(kcal mol™)

14.1
16.3
19.7
37.3

xe |o
oc, | X Relative binding affinities:
el Xt= Cl > Br > |
oc” | x! X = | > Br > Cl
XC
31 R
LN/\ NH X r X=HN (kcal mol™)
\L H | < 1.3
Br 1.8
H—lr—X Cl 2.1
7|
L 5.2
H L= PPh,

H-Briickenbindung



