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L INTRODUCTION

DEFINITION

An organometallic compound is a compound that contains a direct
carbon metal bond. The organic moiety is an alkyl, alkenyl, alkynyl
or aryl group.

EXAMPLE

SN g X ALING CH3;—Mg—-Br /\/\Li

Methyl magnesium o
Diphenyl mercury  Ethyl methyl Zinc bromide Butyl lithium

| A

151
The compounds are polar and carbon bonded to the metal is Q
nucleophilic.
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L GRIGNARD REAGENTS

GRIGNARD REAGENT

Grignard reagents are organomagnesium halides having the general
formula in R-Mg-X. ‘R’ can be alkyl or aryl, etc. X = Cl, Br, |, etc.

Here the Mg-X bond is essentially ionic and C-Mg bond is highly
polarised covalent bond.

o— - O+
CH3——Mg——Br
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PREPARATION

They are generally prepared by the reaction of an organic halide
with magnesium in dry ether or tetrahydrofuran solution

Dry ether
CH;—CH,—Br + Mg ————> CHz3—CH,— Mg Br
Ethyl bromide THF Ethyl magnesium bromide
Dry ether
R—X + Mg —>» R——Mg—X
Alkyl halide THF Alkyl magnesium

halide
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L GRIGNARD REAGENTS

m A solution of organic halide R-X where X=Cl or | in dry ether
or THF is poured over Magnesium turnings in a flask.

m Reaction takes place vigorously, the solution turns cloudy, then
begins to boil and the magnesium metal gradually disappears.

m The resulting solution is Grignard reagent.

For a given ‘R’ group the reactivites of organic halides are in the
order.

lodide>Bromide>Chloride

Synthetic utility of Grignard reagent depends upon the
nucleophilicity of ‘C' atom of alkyl group attached to the metal. It
can be used for the synthesis of a wide variety of compounds.

N,
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L SYNTHETIC USE

A. NUCLEOPHILIC SUBSTITUTION REACTIONS

1. PREPARATION OF ALKANES

Grignard reagents yield alkanes when treated with water, alcohols,
ammonia, etc.

R—+Mg—X + OH+—H ——> R—H + MgX(OH)

Alkyl magnesium Alkane
halide

R—Mg—X + RO—H —> R—H + MgX(R'O)

R—Mg—X + H,N—H ——> R—H + MgX(NH,) =z
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COMPOUNDS

R—Mg—X + x-—R ——> R—R + MgX(X)

Alkyl magnesum ’ Alkane
halide

Methyl magnesium  Ethyl Chloride Propane
bromide




CH —*Mg—Br + CI-‘—CHz—C—CHz — CH3—CH2—E—CH2 +  MgBr(Cl)

Methyl magnesium Propenyl Chloride Butene
bromide

y

3. PREPARATION OF ALKENES

CH3—Mg—Br + Cl+—CH,—C==CH —> CH;—CH,—C==CH + MgBr(Cl)

Methyl magnesium Propynyl Chloride Butyne
bromide




Methyl magnesium  Chlorodimethy! Ethylmethy! ether
bromide ether

R—+Mg—X + cl=—cN ——> R—CN+ MgX(OH)

Alkyl magnesium Alkane nitrile
halide

R—+Mg—X + Cl=—NH, —> R—NH; + MgX(OH)

Alkyl magnesium Primary amine
halide
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5. ORGANOMETALLIC AND NON-METALLIC

A. PREPARATION OF TEL
4 CoHs-Mg-Br + 2 PbCl, — (CyHs)4Pb + Pb + 4 MgCIBr

B. PREPARATION OF DIETHYL MERCURY
2 CoHs-MgBr + HgCl, — (C2H5)2Hg + 2 MgCIBr

C. PREPARATION OF TMS
4 CH3-Mg-Br + SiCly — (CH3)4Si + 4 MgCIBr
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L NUCLEOPHILIC SUBSTITUTION REACTIONS

PREPARATION OF ALCOHOLS

Grignard reagents(alkyl magnesium halides) react with react with
aldehydes and ketones to give adducts which on hydrolytic
decomposition with dilute acid give alcohols.

FORMATION OF PRIMARY ALCOHOLS

Formaldehyde react with Grignard reagents and followed by
hydrolysis of the product formed gives a primary alcohol.
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L NUCLEOPHILIC SUBSTITUTION REACTIONS

0
7
R—Mg—X + H—c\ —>  R——CH;—OMgX
_ H Adduct
Grignardreagent  Eormaldenyde
H,O/H*
R CH,— OMgX » R——CH,—OH
-MgX(OH)

Adduct Primary alcohol




PREPARATION OF SECONDARY ALCOHOL

Aldehydes other than formaldehyde react with Grignard reagent
followed by hydrolysis give secondary alcohols.

o R
Vi |
R—Mg—X + R—C\ e R——CH——O0OMgX
. H Adduct
Grignard reagent Aldehyde
R R
H,O/H* |

R—CH—OMgx ————————> R——CH——O0OH
-MgX(CH) Seondary alcohol

Adduct
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PREPARATION OF TERTIARY ALCOHOLS

Ketones react with Grignard reagents to give tertiary alcohols

0 |
Y

R—Mg—Xx + R—C< —_— R——C——OMgX

| . Adduct|

Grignard reagent K etone R

R R

| NS | Tertiary acohol
R—C——OMgX —— 2 » R——C——OH :

Adduct -MgX(OH) |
R R




NUCLEOPHILIC SUBSTITUTION REACTIONS

Grignard reagents (R-Mg-X) reacts with CO, to form addition
product that can be hydrolysed to carboxylic acids.
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PHILIC SUBSTITUTION REACTIONS

Grignard reagents (R-Mg-X) reacts with CO, to form addition
product that can be hydrolysed to carboxylic acids.

o—

s/ % O\ Foo  f

R—Mg—X + &+C —> R—C ——» R—2C  + MgX(OH)

I \ N\
Grignard Reagent o:> OMgX OH




REACTION WITH EPOXIDE

Ethylene oxide reacts with Grignard reagents to form addition
products which on acidic hydrolysis give primary alcohols.

N\ MgX(OH)

R CH,—CH, H30"
\ R=—Mg—X + @/ — R—CH,—CH;—OMgX —>» R—CH,—CH,—OH

) Primary alcohol
Ethylene oxide
e y . CHZ_/CHZ H30+ MgBrOH
—_ —Br + —_— R —_ —_ e +
3 g N R — CH,—CH,—OMgBr HC—CHo - f
Ethylene oxide
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PREPARATION OF ALDEHYDES

Ethyl formate reacts with Grignard reagents in equimolar
proportions to form addition products which on acidic hydrolysis
give aldehydes.

OMgX o
.= +
RN go | H30 7
v R=—Mg—X + H—C\ — > R—C—OC,H; —> R—C\+ C,Hs—OH
o OC,Hs L H
Aldehyde
Ethyl formate OMgX Y/ |
+
//O | H30 V4 /
H3C—Mg—X + H—C’ — H3C—C—OC,H5 —>H3C—C\+ C4

OC2H5 H Q
Ethyl formate H Acetaldehyde
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REAcTION WiTH HCN

Grignard reagents react with HCN to form addition product which
on hydrolysis give aldehydes.

’,“~\ m H30+ //O
\ RFMg—X + H—C=N —> R—C|7=NMgX — R—C\+ Mg(NH2)X
H Aldehyde H
//o
CH;—Mg-Br + HC=N —> CHs—C—NMgBr—3—> HaC— c\+|v|g(N

H Acetaldehyde M
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L NUCLEOPHILIC SUBSTITUTION REACTIONS

PREPARATION OF KETONES

Alkyl cyanides react with Grignard reagent in equimolecular

proportion to form addition, products which an acidic hydrolysis
give ketones.

HO” 7
L RFMg—X + R—C=N —> R—C|3=NMgX — > R—C{ + Mg(NHpX
R’ Ketone R’
HaO* -
CHy—Mg-Br + CHs—C=N = CHs—C=NMgBr H:C—C_ + Mgfl

CHs Ketone CHs
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NUCLEOPHILIC SUBSTITUTION REACTIONS

REACTION WITH ESTER

Esters other than ethyl formate react with Grignard reagents
followed by acidic hydrolysis give ketones.

R
,"~ Q) | H30+ //O
- R FMg—X + R—C\ — R—?—OMgX — R—C\+
OC2Hs OC,Hs Ketone R MI(OHX
CoHs
O Mg(N B
A —C— % ‘
CH3—Mg-Br + C2H5_C/ —_— CH3 C OMgBr—3—> H3C C\+ C2 l,k‘

OC2Hs OC,Hs Butanoné2Ms



REACTION WITH AcID HALIDES

Grignard reagents react with Acid halides in equi molecular amounts
to form addition products which on acidic hydrolysis give ketones.

R

% | H:0" 7
v R=-Mg—X + R—C — R—(|:—0ng — R—C\+ Mg(Cl)X

’ _ cl Cl Ketone R

Acid chloride
CzHs
0
o +
Y e— H 7%
CHs—Mg-Br + CoHs— <—’ CHs (|3 OMgBr —2%» H;c—C_ +
Cl

Cl Butanone C2Hs §
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PREPARATION OF HIGHER ESTERS

Ethyl chloroformate reacts with Grignard reagent in equimolecular
amounts to form addition products which on hydrolysis give higher
ethyl esters.

PR (VO Cl H-.O* O
T I 3 Y
v R=-Mg—X + c|—c/< — > R—(ll—OMgX — R—C/+ Mg(Cl)X
Cl
o) [ + O  Mg(ChBr
/ — > CHy—C—o0MgBr 1305 Hsc_c/Jr PN

CH;—Mg-Br + Cl—C

Ethyl OCzHs OC,Hs Ethyl
Chloroformate acetate

OC,H#§
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ORrRGANO LiTtHium COMPOUNDS

Organolithium compounds are organometallic compounds having
the general formula ‘R-Li". Where ‘R’ is generally an alkyl or aralkyl
or arylgroup, whose ‘C’ atom is directly linked to the Li atom.

EXAMPLE

| A\

CHs;—Li, CH3—CH,—Li, CgHs—Li
Methyl lithium  Ethyl lithium  Phenyl lithium
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L NUCLEOPHILIC SUBSTITUTION REACTIONS

PREPARATION

Organo lithium compounds are generally prepared by the reaction
of the suitable organic halides with lithium in dry ether or hexane or
benzene solution under inert atmosphere at low temperatures.

Dry eth
R-X + 2 Li =Y & o i+ Ll
CHy—l 2 Li —Hexane ey i 4Ll

Dry ether

CH3—CHp—CH,—CH,—CI + 2 Li

CH3—CHy~CHo—CH,— )



Alkyl lithiums react with oxygen to give an intermediate peroxide
and followed by hydrolysis of the peroxide gives corresponding
alcohols.

TN R—Li H3O"
—2

‘R+—Li + 0O=—=0 —>» R—O0—O-li ——> 2 R—O-Li 2 R—OH

Alcohol




(oo [ I = I - - IO < I |

Preparation of alkanes

Preparation of primary, secondary and tertiary alcohols.
Reaction with ethylene oxide.

Reaction with oxygen.

Preparation of aldehydes

Preparation of ketones

Preparation of Carboxylic acid.

Preparation of higher alkyl lithiums.




ORGANO ZINC COMPOUNDS-PREPARATION

Compounds where there is a direct bond between Carbon atom of a
alkyl or aryl group with Zin metal are known as so.

Organo Zinc compounds are also known as Frankland
compounds.

Zinc dialkyls are prepared by heating alkyl halides with Zinc filings

in an inert atmosphere of CO, or N,
C n + an/?
CO», 2 CoHsznl — 92 . COg (CaHs)» 2 >

A Diethyl Zinc

2 CoHsl + Zn
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2. FrRoM ORGANO ALUMINIUM COMPOUNDS

Zinc dialkyls can be prepared by treating aluminium trialkyls with
zinc chloride.

(CH3)QZH + 2(CH3)2A|C|

2 (CH3)3Al + ZnCl
(CH); ? Dimethyl Zinc

PROPERTIES
They have linear structure due to SP hybridisation of Zn atom.

RI(=)—7nd(+)—R4(-)
( )

It is pyrophoric (Ignite spontaneously when exposed to water)
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REACTIONS

Reaction with active hydrogen Compounds.
Reaction with alkyl halides.

Reaction with Acid Halides.

Reaction with aldehydes and ketones

Reformatsky Reaction.
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REFORMATSKY REACTION

The reaction of an a-Bromoester with a carbonyl compound in
presence of Zinc in ether solution and on subsequent acidic
hydrolysis to give a [5-hydroxy ester.

e} OH
/ Dry Ether |
Br——CH,—COOC,Hs + CH;—C +7n —> CH3—C——CH,—COOC,H5
Alpha Bromo Est 2). HyO"
pha bBromo Ester Acetorcm:eHs CH; Betahydroxy egf~
3-Hydroxy-3-methylethylbutano
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MECHANISM

Dry Ether 3(+)  3(-)
Br——CH,—COOCyHs; + ZN —— > Br——2Zn——CH,—COOC,Hg

Ethylbromoacetate

o o)
[ G
Br—— Zn—— CH,— C-OC;Hs ——> Br—2zn +HLC—C
H OCzH5
) (l) 0 Carbanion
m “ - H,C——C
HAC \OC2H5

OC2H5
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OZnBr
——»  CH3—C—CH,—COOC,H
CHz;—C +  HC C : | 2 2
OC,Hs
CHs CHs

OZnBr OH

| H30* |
CH3—C—CH,—COOC;Hs ——> CH3;—C——CH,— COOC,Hs

CHs CH; Betahydroxygf

3-hydroxy-3-methylethyl but
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