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Organometallic CompoundsOrganometallic Compounds



14.1
Organometallic Nomenclature



Metal is the parentMetal is the parent

 

LiLi

CyclopropylCyclopropyllithiumlithium VinylVinylsodiumsodium

HH22CC CHCHNaNa

CHCH33CHCH22MgMgCHCH22CHCH33

DiethylDiethylmagnesiummagnesium

CHCH33MgMgII

MethylMethylmagnesiummagnesium
iodideiodide



14.214.2
CarbonCarbon--Metal BondsMetal Bonds

inin
Organometallic CompoundsOrganometallic Compounds



FF 4.04.0 HH 2.12.1
OO 3.53.5 CuCu 1.91.9
NN 3.03.0 ZnZn 1.61.6
CC 2.52.5 AlAl 1.51.5
HH 2.1 2.1 MgMg 1.21.2

LiLi 1.01.0
NaNa 0.90.9
KK 0.80.8

Table 14.1 (p 547)Table 14.1 (p 547)



Polarity of BondsPolarity of Bonds

RR XX
δδ++ δδ––

RR XX
δδ–– δδ++

organometallics are a organometallics are a 
source of nucleophilic source of nucleophilic 

carboncarbon



Polarity of BondsPolarity of Bonds

CHCH33FF CHCH33LiLi



14.314.3

Preparation of Organolithium CompoundsPreparation of Organolithium Compounds



same for same for ArAr——XX

is an oxidationis an oxidation--reduction reaction: carbon reduction reaction: carbon 
is reduced is reduced 

Organolithium CompoundsOrganolithium Compounds

RR X  +  2LiX  +  2Li RR Li  +  LiXLi  +  LiX

normally prepared by reaction of alkyl halides normally prepared by reaction of alkyl halides 
with lithiumwith lithium



ExamplesExamples

(CH(CH33))33CCl   +  2LiCCl   +  2Li

diethyldiethyl
etherether

––10°C10°C
(CH(CH33))33CLi   +  LiClCLi   +  LiCl

(75%)(75%)

 

BrBr +  2Li+  2Li

diethyldiethyl
etherether

35°C35°C

 

LiLi +  LiBr+  LiBr

(95(95--99%)99%)



Electron BookkeepingElectron Bookkeeping

RR X  +  LiX  +  Li [R[R X]X] +  Li+  Li++
••––

RR•• ++ •••• XX––

••

LiLi••
••••RR LiLi



14.4
Preparation of 

Organomagnesium Compounds: 
Grignard Reagents



same for same for ArAr——XX

Grignard ReagentsGrignard Reagents

RR X  +  MgX  +  Mg RMgXRMgX

prepared by reaction of alkyl halides prepared by reaction of alkyl halides 
with magnesiumwith magnesium

Diethyl ether is most often used solvent.  Diethyl ether is most often used solvent.  
Tetrahydrofuran is also used.Tetrahydrofuran is also used.



ExamplesExamples
diethyldiethyl
etherether

––10°C10°C
(96%)(96%)

 

BrBr +  Mg+  Mg

diethyldiethyl
etherether

35°C35°C

 

MgBrMgBr

(95%)(95%)

 

ClCl +  Mg+  Mg

 

MgClMgCl



RR X  +  MgX  +  Mg

Electron BookkeepingElectron Bookkeeping

[R[R X]X] +  Mg+  Mg++
••––

RR•• ++ •••• XX––

••

••••RR MgMg++

•• ••

MgMg++
••

•••• XX––



I > Br > Cl >> FI > Br > Cl >> F

RX > ArXRX > ArX

Order of ReactivityOrder of Reactivity



certain groups cannot be present incertain groups cannot be present in

the solventthe solvent

the halide from which the Grignard reagent the halide from which the Grignard reagent 
is preparedis prepared

the substance with which the Grignard the substance with which the Grignard 
reagent reactsreagent reacts

Forbidden GroupsForbidden Groups



Anything with an OH, SH, or NH groupAnything with an OH, SH, or NH group

Forbidden GroupsForbidden Groups

therefore cannot use Htherefore cannot use H22O, CHO, CH33OH, OH, 
CHCH33CHCH22OH, etc. as solventsOH, etc. as solvents
cannot prepare Grignard reagent from cannot prepare Grignard reagent from 
substances such as HOCHsubstances such as HOCH22CHCH22Br, etc.Br, etc.



14.5
Organolithium and Organomagnesium 

Compounds as Brønsted Bases



Brønsted basicityBrønsted basicity

RR

MM

HH

OR'OR'

 

••••
••••

RR HH

OR'OR'
••••

••••
••••––

MM ++

δδ–– δδ++

Grignard reagents (Grignard reagents (MM = MgX) and = MgX) and 
organolithium reagents (organolithium reagents (MM = Li) are strong = Li) are strong 
bases.bases.



ExampleExample

(100%)(100%)

+  H+  H22OO

++ LiOHLiOH

CHCH33CHCH22CHCH22CHCH22LiLi

CHCH33CHCH22CHCH22CHCH33

water is a stronger water is a stronger 
acid than butaneacid than butane



ExampleExample

 

MgBrMgBr

(100%)(100%)

+  CH+  CH33OHOH

 

++ CHCH33OMgBrOMgBr

methanol is a methanol is a 
stronger acid than stronger acid than 
benzenebenzene



Table 14.2Table 14.2
Approximate Acidities of HydrocarbonsApproximate Acidities of Hydrocarbons

HydrocarbonHydrocarbon ppKKaa
(CH(CH33))33CCHH 7171
CHCH33CHCH33 6262
CHCH44 6060
EthyleneEthylene 4545
BenzeneBenzene 4343
AmmoniaAmmonia 3636
AcetyleneAcetylene 2626
WaterWater 1616

Hydrocarbons are Hydrocarbons are 
very weak acids.very weak acids.

Their conjugate Their conjugate 
bases are very bases are very 
strong bases.strong bases.

Grignard reagents Grignard reagents 
and organolithium and organolithium 
reagents are strong reagents are strong 
bases.bases.



Acetylenic Grignard ReagentsAcetylenic Grignard Reagents

are prepared by an acidare prepared by an acid--base reactionbase reaction

CHCH33CHCH22MgMgBrBr

++CHCH33CHCH33

stronger acidstronger acid

weaker acidweaker acid

HCHC CHCH

HCHC CCMgMgBrBr

++


