Level-3 Organometallics L1a

Brief history :

1825 - W. C. Zeise (Denmark) reacts Pt(2+) salts with ethanol. Originally formulated as KCl.PtCl2.EtOH. In 1950's this was shown to be an olefin complex K+ [PtCl3(CH2=CH2)]_ .H2O

(see Organometallics (2001) 20 2)

1849 - E. Frankland (UK) synthesised first metal alkyl
3Zn + 3 C2H5I   (  ZnI2 + ZnI(C​2H5)  + Zn(C2H5)2






solid

    liquid

ZnEt2 is pyrophoric - inert atmosphere required

1890 - L. Mond (Germany/UK) discovered metal carbonyls

Ni + 4CO ( Ni(CO)4
Soon after Fe(CO)5 and Cr(CO)6 sythesised

1930's - W. Hieber (Germany) worked on carbonyl chemistry of Fe

Fe(CO)5 + en (ethylene diammine)
(  Fe(CO)3(en) carbonyl substitution

Fe(CO)5 + 2 OH-(  [HFe(CO)4]_  carbonylate anion  

                               + H3O+ ( H2Fe(CO)4  metal hydride

1951 - Pauson synthesises ferrocene (C5H5)2Fe - "sandwich"

1955 - E.O. Fischer   (C6H6)2Cr dibenzene chromium

1961 - Vaska shows Ir(CO)Cl(PPh3)2 reversibly binds dioxygen

1964 - E.O. Fischer makes first carbene (CO)5W=C(OMe)Me

1973 - E.O. Fischer makes first carbyne (C5H5)(CO)2W(CPh

Level-3 Organometallics L1b

DEFINITION :

Organometallic compound contains a bond between a transition metal and an organic carbon

Nowadays vast numbers of different organometallics are known

Need to organise all this information in order to understand and

process

One way is by considering by ligands rather than by metals
Two major classes of ligands

(a) sigma-bonded

Examples  
alkyls 
M-CH3  M-C2H5



aryls  
M-C6H5 (phenyl)




acyls 
M-C(O)-R e.g. acetyl




vinyls 
M-CH=CH2
(b) pi-bonded




carbonyls

M-CO




carbenes

M=CR2



olefins

M(CR2=CR2)




cyclic olefins  M(C5H5)

"Honary" organometallic compounds Pt(PPh3)4
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Metal - sigma bonded compounds (metal alkyls)

Main group alkyls known from beginning ZnEt2  PbEt4  Quite stable

(thermodynamically !) but it was found that synthesis of transition metal alkyls was difficult - i.e. didn't work

Some exceptions   Pope & Peachy (1901)





PtCl4 + 3CH3MgI   (  [(CH3)3PtI]4  "cubane"





(C5H5)Fe(CO)2(CH3)

The latter type had (-acceptor ligands and it was thought that these might stabilise TM-C(alkyl) bonds

In 1950's several theoretical (MO)  calculations showed that

TM-C(alkyl) bonds were especially weak due to poor overlap

between sp3 C and metal s p d orbitals. (-acceptor ligands were

"shown" to increase overlap and so stabilise these compounds.

However, all these calculations were incorrect. In fact TM-C(alkyl) bonds have similar strength to Main-group- C(alkyl) bonds

compare


TiEt4
v unstable decomposes at -80oC





PbEt4
stable to 200oC

BUT



Ti-C

~ 260 kJ mol-1




Pb-C

~ 170 kJ mol-1
Confusion between thermodyamic stability and kinetic stability
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The general (-elimination mechanism

