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Module-1: Exploitation of acidity of α-H of C=O and organometallics

Mannich reaction
The condensation of a CH-activated compound (usually an aldehyde or ketone) with a primary or secondary amine (or
ammonia) and a nonenolizable aldehyde (or ketone) to afford aminoalkylated derivatives is known as the Mannich reaction.
More generally it is The three-component aminomethylation from amine, aldehyde and a compound with an acidic
methylene moiety.

Mechanism
The mechanism of the Mannich reaction has been extensively investigated. The reaction can proceed under both acidic
and basic conditions, but acidic conditions are more common. Under acidic conditions the first step is the reaction of the
amine component with the protonated non-enolizable carbonyl compound to give a hemiaminal, which after proton
transfer loses a molecule of water to give the electrophilic iminium ion.50 This iminium ion then reacts with the enolized
carbonyl compound (nucleophile) at its α-carbon in an aldol-type reaction to give rise to the Mannich base.

Mannich reaction
Examples

Asymmetric Mannich Reaction

Perkin Reaction
The condensation of aromatic aldehydes with the anhydrides of aliphatic carboxylic acids in the presence of a weak base to
afford α,β-unsaturated carboxylic acids is known as the Perkin reaction or Perkin condensation.

The general features of the transformation are:
1) The aldehyde component is most often aromatic, but aliphatic aldehydes with no α-hydrogens as well as certain α,β-unsaturated aldehydes
can also be used.
2) the reaction is more facile and gives higher yield of the product when the aromatic aldehyde has one or more electron-withdrawing
substituents.
3) aliphatic aldehydes are not suitable for the reaction, since they often give enol acetates and diacetates when heated with acetic anhydride.
4) the anhydride should be derived from an aliphatic carboxylic acid, which has at least two hydrogen atoms at their α-position (if there is only
one α-hydrogen atom, a β-hydroxy carboxylic acid is obtained).
5) the weak base is most often the alkali metal salt of the carboxylic acid corresponding to the applied anhydride or a tertiary amine (e.g., Et3N);
6) the usual procedure requires heating of the aldehyde in the anhydride (often used as the solvent) at or above 150 °C.
7) the stereochemistry of the newly formed double bond is typically (E).

Mechanism

Perkin Reaction
Examples

Favorskii Rearrangement
Treatment of α-halo ketones possessing at least one α-hydrogen with base in the presence of a nucleophile (alcohol,
amine, or water) results in a skeletal rearrangement via a cyclopropanone intermediate to give carboxylic acids or
carboxylic acid derivatives (esters or amides). This reaction is known as the Favorskii rearrangement.

The general features of the transformation are:
1)
2)
3)
4)

sensitivity to structural factors (bulkiness of substituents, degree of alkyl substitution) and reaction conditions (base, solvent, temperature).
alkyl or aryl substitution on the halogen-bearing carbon increases the rate of rearrangement.
in cyclic α-halo ketones, the rearrangement is general in rings from .
yields are widely varied from moderate to good.

Mechanism
The mechanism involves the following steps: 1) deprotonation at the α-carbon and formation of an enolate; 2) intramolecular attack by the enolate
on the α’-carbon bearing the leaving group to form a cyclopropanone intermediate; 3) regioselective opening of the intermediate to give the most
stable carbanion; and 4) proton transfer to the carbanion to afford the product.

Favorskii Rearrangement
Examples

β-Dicarbonyl compounds: ethyl acetoacetate and diethyl malonate
Hydrogen atoms that are between two carbonyl groups, as in a β-dicarbonyl compound, have pKa values in the range of
9–11. Such a-hydrogen atoms are much more acidic than α hydrogens adjacent to only one carbonyl group, which have
pKa values of 18–20.

A much weaker base, such as an alkoxide, can be used to form an enolate from a β-dicarbonyl compound.

We can account for the greater acidity of β-dicarbonyl systems, as compared to single carbonyl systems, by delocalization of
the negative charge to two oxygen atoms instead of one. We can represent this delocalization by drawing contributing
resonance structures for a β-dicarbonyl enolate and its resonance hybrid:

β-Dicarbonyl compounds: ethyl acetoacetate and diethyl malonate
Ethyl acetoacetate in synthesis
The acetoacetic ester synthesis is useful for the preparation of monosubstituted and disubstituted acetones of the following
types.

Let us illustrate the acetoacetic ester synthesis by choosing 5-hexen-2-one as a target molecule. The three carbons shown in
color are provided by ethyl acetoacetate. The remaining three carbons represent the -R group of a substituted acetone.

There are five sequential reactions in acetoacetic ester synthesis
1. The methylene hydrogens of ethyl acetoacetate (pKa 10.7) are considerably more acidic than the hydroxyl group of ethanol
(pKa 15.9); therefore, ethyl acetoacetate converted completely to its anion by sodium ethoxide or other alkali metal alkoxides.

β-Dicarbonyl compounds: ethyl acetoacetate and diethyl malonate
Ethyl acetoacetate in synthesis
2. The enolate anion of ethyl acetoacetate is a nucleophile and reacts by an SN2 pathway with methyl and primary
haloalkanes, α-haloketones, and α-haloesters. Secondary haloalkanes give lower yields, and tertiary haloalkanes undergo E2
elimination exclusively. In the following example, the anion of ethyl acetoacetate is alkylated with allyl bromide.

3, 4. Hydrolysis of the alkylated acetoacetic ester in aqueous NaOH followed by acidification with aqueous HCl gives a βketoacid.

5. Heating the b-ketoacid brings about decarboxylation to give 5-hexen-2-one.

β-Dicarbonyl compounds: ethyl acetoacetate and diethyl malonate
Ethyl acetoacetate in synthesis
A disubstituted acetone can be prepared by interrupting this sequence after Step 2, treating the monosubstituted acetoacetic
ester with a second equivalent of base, carrying out a second alkylation, and then proceeding with Steps 3–5
1 . Treatment with a second equivalent of base gives a second enolate anion.

2. Treatment of this enolate anion with a haloalkane completes the second alkylation. This haloalkane should be methyl or
primary for best yields due to steric considerations.

3, 4, 5. Hydrolysis of the ester in aqueous base followed by acidification and heating gives the ketone.

β-Dicarbonyl compounds: ethyl acetoacetate and diethyl malonate
Diethyl malonate
The malonic ester synthesis is useful for the preparation of monosubstituted and disubstituted acetic acids of the following
types.

Let us illustrate this synthesis by choosing 5-methoxypentanoic acid as a target molecule. The two carbons shown in color are
provided by diethyl malonate. The remaining three carbons and the methoxy group represent the -R group of a
monosubstituted acetic acid.

Like acetoacetate ester synthesis five sequential reactions are involved in acetoacetic ester synthesis
1. The a-hydrogens of diethyl malonate (pKa 13.3) are more acidic than ethanol (pKa 15.9); therefore, diethyl malonate is
converted completely to its anion by sodium ethoxide or some other alkali metal alkoxide.

β-Dicarbonyl compounds: ethyl acetoacetate and diethyl malonate
Diethyl malonate
2. The enolate anion of diethyl malonate is a nucleophile and reacts by an SN2 pathway with methyl and primary
haloalkanes, α-haloketones, and α- haloesters. In the following example, the anion of diethyl malonate is alkylated with
1-bromo-3-methoxypropane.

3, 4. Hydrolysis of the alkylated malonic ester in aqueous NaOH followed by acidification with aqueous HCl gives a βdicarboxylic acid.

5. Heating the β-dicarboxylic acid slightly above its melting point brings about decarboxylation and gives 5-ethoxypentanoic
acid.

A disubstituted acetic acid can be prepared by interrupting the previous sequence after Step 2, treating the monosubstituted
diethyl malonate with a second equivalent of base, carrying out a second alkylation, and then proceeding with Steps 3–5.

β-Dicarbonyl compounds: ethyl acetoacetate and diethyl malonate
Michael addition
In the first example, the nucleophile adding to the conjugated system is the enolate anion of diethyl malonate. In the
second example, the nucleophile is the enolate anion of ethyl acetoacetate.

Problems

Enamines

Enamines

Enamines
When an enamine reacts with an acyl halide or an acid anhydride, the product is the C acylated compound. The iminium ion
that forms hydrolyzes when water is added, and the overall reaction provides a synthesis of β-diketones:

Although N-acylation may occur in this synthesis, the N-acyl product is unstable and can act as an acylating agent
itself. As a consequence, the yields of C-acylated products are generally high.:

Enamines
Enamines can be alkylated as well as acylated. Although alkylation may lead to the formation of a
considerable amount of N-alkylated product, heating the N-alkylated product often converts it to a C-alkyl
compound. This rearrangement is particularly favored when the alkyl halide is an allylic halide, benzylic
halide, or α-haloacetic ester:

Enamines
Enamine alkylations are SN2 reactions; therefore, when we choose our alkylating agents, we are usually
restricted to the use of methyl, primary, allylic, and benzylic halides. α-Halo esters can also be used as the
alkylating agents, and this reaction provides a convenient synthesis of γ-keto esters:

Enamines also participate in Michael reactions as illustrated by the addition of the enamine of
cyclohexanone to acrylonitrile

Grignard reagents
The organomagnesium halides (RMgX), known as Grignard reagents, are useful synthetic
intermediates in organic chemistry for carbon-carbon bond formation. They may be
regarded as polar compounds and are sources of nuleophilic carbanions.
The organomagnesium halides are prepared by the action of magnesium on alkyl, aryl or
vinyl halides in either dry ether or THF, and the resultant solution is used for the
subsequent reactions.

The order of reactivity of halides with magnesium is also RI greater than RBr greater than
RCl. Very few organomagnesium fluorides have been prepared. Aryl Grignard reagents are
more easily prepared from aryl bromides and aryl iodides than from aryl chlorides, which
react very sluggishly. Once prepared, a Grignard reagent is usually used directly in a
subsequent reaction.
A Grignard reagent forms a complex with its ether solvent; the structure of the complex can be represented as
follows:

Grignard reagents
Reactions
1. Reactions with Compounds Containing Acidic Hydrogen Atoms
Grignard reagents and organolithium compounds are very strong bases. They react with any compound
that has a hydrogen atom attached to an electronegative atom such as oxygen, nitrogen, or sulfur.

Grignard reagents react with the terminal hydrogen atoms of 1-alkynes by an acid–base reaction, and this
is a useful method for the preparation of alkynylmagnesium halides

Grignard reagents
Reactions
2. Reactions of Grignard Reagents with Epoxides
Grignard reagents react as nucleophiles with epoxides (oxiranes), providing convenient synthesis of alcohols.

Grignard reagents react primarily at the less-substituted ring carbon atom of a substituted epoxide.

3. Reactions of Grignard Reagents with Carbonyl Compounds
Grignard reagents are strong nucleophile and hence it under go 1,2-addition with carbonyl group of aldehydes,
ketones, esters, anhydrides, acid chlorides and amides. In these reactions, the alkyl, aryl or vinyl group
having carbanionic character become attached to the carbonyl carbon and the magnesium halide to the
oxygen of the carbonyl group to give a complex (addition product). These addition products on
decomposition with proton source give the corresponding alcohols.

Grignard reagents
Reactions

Reaction with Carbonyl Compounds

Grignard reagents
Reactions
If the carbonyl group is attached with a leaving group like OR, Cl, then the tetrahedral adduct can break
down to regenerate a C=O group that undergoes a fast second addition resulting in tertiary alcohol.

However, a number of methods have been devised to stop the reaction at the aldehyde or ketone stage. Such
protocols involve the formation of a masked carbonyl compound, which releases the desired compound on
hydrolysis

Grignard reagents
Reactions
In case of reaction of Grignard reagents with carbon dioxide, the reaction stops at the carboxylate (RCO2-)
stage as it is resistant to further nucleophilic attack

4. Reactions with some Inorganic Halides
Grignard reagents react with inorganic halides to give organometallic compounds

Grignard reagents
Reactions
5. Synthesis of Ethers
Grignard reagent with lower halogenated ethers produce higher ether

6. Synthesis of Alkyl cyanide
The reaction of alkylmagnesium halides with cyanogen or cyanogen chloride/bromide gives alkyl cyanides

7. Synthesis of Deutrated Hydrocarbons
Deutrated hydrocarbons can be synthesized by the reaction of organomagnesium halides with D2O

Grignard reagents
Reactions
8. Reactions with Alkyl/Alenyl/Aryl Halides
Alkyl, alkenyl as well as aryl triflates, bromides, and iodides can proceed substitution reactions with
organomagnesium halides in the presence of transition metal catalysts

Grignard reagents
Reactions
Grignard reactions are prone to undergo side reactions. The reaction of a sterically hindered
ketone with a Grignard reagent having a β-hydrogen shows a tendency towards reduction of the
carbonyl group

Organolithium Compounds
The organolithium reagents, characterized by a C-Li bond, are important in organic synthesis as
organomagnesium halides. Lithium is less electronegative than carbon, and the C-Li bond is polarized as
in organomagnesium halide. The organolithium reagents are more reactive than organomagnesium
halides and are expected to behave both as a nucleophile and a base.
The reaction of lithium metal at low temperature with an alkyl halide in a hydrocarbon solvent gives
alkyl lithium. The reaction proceeds smoothly in the presence of above 0.02% of sodium and the
reactivity of the alkyl halides is RI > RBr > RCl.

Another route to the preparation of the organolithium compounds is the use of metal halogen exchange
reactions. This method is useful for the preparation of organolithium reagents that cannot be obtained
from alkyl halide and metal directly. In this method organic halide is treated with alkyl lithium. This
process is best suited for the preparation of aryl lithium derivatives

In addition, compounds containing acidic hydrogen can be easily converted into organolithium compound by
treatment with a suitable organolithium compound

Organolithium Compounds
The replacement of a hydrogen by a lithium (known as lithiation) can also be used to generate organolithium
species. This reaction is essentially an acid base reaction. However, in the case, where there is activation by a
coordinating group, the reaction occurs with considerable ease. This type of activation is particularly helpful
in introducing an ortho substituent to a preexisting coordinating group

The ortho-directing groups are usually arranged in the following order in order of their reactivity: SO2NR2 >
SO2Ar > CONR2 > oxazolinyl > CONHR > CSNHR, CH2NR2 > OR > NHAr > SR > CR2O-.

Organolithium Compounds
Reactions
1. Reactions with Carbonyl Compounds
Organolithium reacts with aldehydes, ketones and esters to give alcohols as organomagnesium halides. In
comparison to organomagnesium halides, organolithiums are less susceptible to steric factors and react with
hindered ketones to give tertiary alcohols.

Primary amides undergo reaction with excess organolithium to give a nitrile. For an example,
phenylacetamide reacts with 3 equiv of butyllithium to give trilithiated species, which undergoes
fragmentation to give intermediate that could be hydrolyzed to afford benzonitrile

Another useful reaction with amides is the reaction of organolithium reagents with DMF to give aldehydes

Organolithium Compounds
Reactions
Reaction of carboxylic acid with organolithium reagent gives the expected carboxylate salt, but a second
equiv can add to the lithium carboxylate to afford a ketone

2. Reactions with Epoxides
Epoxides react with organolithium reagents to give primary alcohols (as in the case of Grignard reagents). In
general, the organolithium attacks the epoxides at the less sterically hindered carbon, as with any nucleophile.

3. Reactions with Carbon Dioxide
A major difference between the reactivity of organomagnesium halide and organolithium reagent is observed
in their reactivity towards CO2. The reaction of organomagnesium halide with CO2 stops at the carboxylate
stage, while in case of organolithium reagents, the carboxylate ion formed reacts with another equiv of
organolithium to generate a ketone.

Organolithium Compounds
Reactions
4. Reactions with Aryl Cyanides
As in the case of organomagnesium halides, the reactions of organolithium reagents with aryl
cyanides give imine salts, which undergo hydrolysis in the presence of water to give ketones

5. Electrophilic Displacement
Reaction of an organic halide with an organometallic compound is known as metal-halogen exchange
reaction is example for electrophilic displacement. This reaction is useful for the synthesis of vinyl- and
phenyl lithium

6. Reaction with aryl halides
The reaction of alkyl halides with alkyl lithium takes place by SN2 mechanism. While aryl halides react
with aryl lithum via addition-elimination process

Organolithium Compounds
Reactions
7. Reactions with α,β-Unsaturated Carbonyl Compounds
In the case of Grignard reagents, α,β -unsaturated carbonyl compounds undergo reaction either at 1,2- or
1,4-addition depending on the structure of the carbonyl compound. The main reason is steric hinderance.
While the organolithium reagents undergo reaction exclusively to give 1,2-addition products

Organocopper Reagents
Organocopper reagents are prepared by transmetallating the organomagnesium, organolithium or organozinc
reagent with copper(I) salts (Scheme 1). There are two major reactions with organocuprates: (1) reaction with
alkyl halides and (2) conjugate addition with -unsaturated carbonyl compounds. The substitution reactions
are promoted by the use of THF or ether-HMPA solvent, while the conjugate addition is facile when ether is
employed as a solvent.

The general reactivity of organocuprates with electrophiles follows the order

Organocopper Reagents
Reactions
1. Substitution reaction
Organocuprates can replace halide ion from primary and secondary alkyl halides to give hydrocarbon (CoreyHouse synthesis). This method provides effective route for the construction C-C bond between two different
alkyl halides, which is not possible by the well known Wurtz coupling reaction, in which a number of
products are formed.

Organocopper Reagents
Reactions
Similar results are obtained from the reactions of aryl halides and organocuprates

2. Reactions with Acid Chlorides
The reaction of a dialkyl cuprate and acid chloride is a preferred method to synthesize ketones. Unlike in
the case of Grignard reagents, the ketones formed do not react with organocopper reagent.

Organocopper Reagents
Reactions
3. Conjugate Addition
Conjugate addition is among the basic carbon-carbon bond forming reactions. Traditionally, organocopper
reagents were choice to undergo this synthetic transformation. The organocopper reagents are softer than
Grignard reagents (because copper is less electropositive than magnesium), and add in conjugate fashion to
the softer C=C double bond.
The mechanism of the transfer of the alkyl group from the organocuprates to the β-position of the carbonyl
compounds is uncertain. It is believed that initially a d- π* complex between the organocopper(I) species
and the enone is formed followed by the formation of a Cu(III) intermediate which may undergo reductive
elimination to form the product.

In the case of enones, consecutive addition of the organocopper reagent and alkyl halides, two different
alkyl groups can be introduced in one operation.

Organocopper Reagents
Reactions
3. Reactions with Aldehydes and Ketones
Organocuprates react with aldehydes to give alcohols in high yield. In the presence of
chlorotrimethylsilane, the corresponding siliylenol ethers can be obtained.

The reaction of ketones with organocuprates is very sluggish. However, the reaction takes place
conveniently in the presence of chlorotrimethylsilane.

Organocopper Reagents
Reactions
5. Reactions with Epoxides
The epoxide is attacked by organocopper reagents at the least substituted carbon atom giving the
corresponding alcohol.

Modified Mixed Cuprates
Cuprates are useful but there are a few problems associated with them. To overcome these limitations,
Lipshutz developed modified (higher order) mixed cuprates, R2Cu(CN)Li2, by the reaction of organolithium
reagent with cuprous cyanide.
Modified cuprates show greater reactivity compared Gilman reagents with alkyl halides, even secondary
halides.

Opening of epoxides ring is more efficient with the higher order cuprate than with Gilman reagents, and
attack takes place at the less sterically hindered carbon.

