L2-Organometallics -1A

Textbooks

Housecroft & Sharpe Inorganic Chemistry
        

Main group - 

Chapter 18, p 410

 

Transition metals -

Chapter 23, p 584

Claydon, Greeves, Warren & Wothers 
Organic Chemistry




Main group - 


Chapter 9 & Chapter 47 

 

Transition metals - 
Chapter 48

Metal-organo compounds can be conveniently divided into those containing

(a) Main group metals s-block (Na, Mg..) & p-block (Al, Sn, Bi .. & Zn)

(b) Transition metals Ti-Cu

All contain a polar  M(+-C(- bonds - some more polar than others ......
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L2-Organometallics -1B

This polarisation of the M-C bond is extremely useful in synthesis

R2C(+=O(-   + LiCH​3   (    R2MeC-OLi
    (   
R2MeC-OH

hydrolysis

ketone/aldehyde     (      alcohol

A huge  variety of organic molecules can be bonded to metals, especially transition metals. 

Examples include : alkyl & aryl groups, alkenes, alkynes, CO (carbonyls)
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               Fe(CO)5





Cr(CO)3(C6H5) 

First look at main group organometallics and how they are prepared ........

L2-Organometallics -1C

Synthesis

1. Metal and organic halide

RX   + Mg( RMgX  (Grignard reagent)

CH3Cl + 2Li ( LiCH3 + LiCl (organo-lithium reagent)


[image: image5.wmf]O


Use donor solvents, e.g. ethers tetrahydrofuran (THF)

Aluminium (Al) and zinc (Zn) also work well, along with other active metals

Other metals may need more forcing conditions (e.g. higher temperatures, sonication)
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The formation of chloromethylsilanes has great commercial importance

While these reactions can look simple from the equations, they are in reality quite complex

L2-Organometallics -1D
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Formation of Grignard reagents

L2-Organometallics -1E

Synthesis

2. Metathesis reactions (exchange of partners)
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The electronegative halide ends up with the most electro-positive metal, so that the new organometallic compound has less polar M-C bonds and is less reactive.

e.g


[image: image8.wmf]2

M

e

L

i

 

 

+

 

C

u

I

M

e

2

C

u

L

i

 

+

 

L

i

I

E

t

2

O

"

G

i

l

m

a

n

 

r

e

a

g

e

n

t

"

B

r

O

M

e

2

C

u

L

i

O

c

a

r

b

o

n

y

l

 

g

r

o

u

p

 

u

n

c

h

a

n

g

e

d


Special case of metathesis - redistribution reactions
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L2-Organometallics -1F

Synthesis 

3. Hydrometallation
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A metal hydride adds to an unsaturated link. This is a vital (and reversible) step in transition metal organometallic reactions and catalysis. Becoming important in main group chemistry also ....

4. Trans-metallation

Direct reaction can transfer an organic group to a more reactive metal
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(Neither benzyl-lithium nor vinyl-lithium can be made by direct reaction from the metal plus organic halide)

5. Metal-Hydrogen exchange

A carbanionic R group will combine with an acidic hydrogen on a hydrocarbon, forming a new reagent

RMgX  + R'C(CH (   R'C(CMgX + RH

L2-Organometallics -1G

Compound type and reactivity

Group
1
2
12
13
14
15

Example
LiCH3
(MeLi)
PhMgBr

MgMe2
ZnEt2
HgMe2
AlMe3
SiMe4
AsPh3
SbMe3

Element
Li
Be

B




Na
Mg

Al
Si



K
Ca
Zn
Ga
Ge
As


Rb
Sr
Cd
In
Sn
Sb


Cs
Ba
Hg
Tl
Pb
Bi

A
B
C

A. Ionic compounds with very electropositive  metals e.g. NaC6H5 

Behaves as Na+ C6H5- - an insoluble and pyrophoric (i.e. spontaneously inflame in air)  solid. Not much practical use due to its insolubility.

B. Polar covalent compounds e.g. Grignard reagents CH3(--Mg(+-X. 

They are reactive and are often useful compounds. All react with air and moisture, and some are pyrophoric 

C. Compounds of less electropositive metals - they are covalent and often quite unreactive 

Reactivity relationships

Reactivity falls sharply as elements become less electropositive

Reagent
MgMe2
ZnMe2
CdMe2
HgMe2

O2
inflames
inflames
oxidises
inert

H2O
explodes
explodes
hydrolyses
inert

CO2
reacts
reacts
inert
inert

L2-Organometallics -1H

Varying reactivity means that main group organometallics can be used as specific reagents for specific purposes, e.g. Gilman reagent used to attack C-Br bond but not C=O bond.

Diethyl zinc was the first organo-metal compound made, by the British chemist Edward Frankland in 1850. Made from EtI and Zn and protected by a CO2 or H2 atmosphere - the compound is highly pyrophoric
ZnEt2 is used nowadays to de-acidify the paper of important old books and documents (they become yellowed and brittle with time)

2H+  + ZnEt2 (  Zn2+  + 2 C2H6 (
Any moisture in the paper reacts to give the white, basic oxide ZnO,

which buffers further acidity

H2O (in paper)  + ZnEt2 (  ZnO  + 2 C2H6 (
However, difficult to use because it is so reactive and dangerous.
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