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HALOGENATION

• HALOGENATION OF CARBONYL COMPOUNDS

• HELL-VOLHARD-ZELINSKY (H-V-Z) REACTION



Halogenation of Carbonyl Compounds

Carbonyl compounds can be

halogenated in the α-position by

halogens (such as bromine, Br2)

in acidic or basic solutions.

Under the usual reaction

conditions, the rate law for acid-

or base-catalyzed halogenation:

• This rate law implies that, even though the reaction is a

halogenation, the rate is independent on the halogen concentration

but first order with respect to both ketone and acid or base.

• Halogenation is, therefore, zero order with respect to halogen

concentration and halogens cannot be involved in the transition

state for the rate-limiting step of the reaction.



FACTS

1. In case of both acid- or base-

catalyzed condition, the rate of

bromination, iodination, deuterium

exchange and racemization of the

optically active ketone,

PhCOCH(Me)Et are identical.

2. These reactions show a primary kinetic isotope effect (kH > kD),

when the α-H atom of the starting ketone is replaced by D, i.e., C-H

bond breaking is involved in the slow, rate-limiting step of the

reaction.

All these observations make the involvement of a common

carbocation/enol intermediate in acid-catalyzed halogenation and a

carbanion/enolate ion intermediate in base-catalyzed halogenation.



Acid-Catalyzed Halogenation

• In this case, the common intermediate, whose formation is slow and

rate-limiting is the enol (step-I). The formation of enol consists of

two elementary steps, as shown in the mechanism.

• The rate-limiting step of acid-catalyzed enolization is the second

step, removal of the α-proton from the carbocationic intermediate.

The same step, therefore, is also the rate-limiting step of

α-halogenation.

• This then undergoes rapid, non-rate-limiting attack by Br2 (step-II)

or any other electrophile present.

• The above mechanism is, therefore, independent of both the nature

of the halogen and its concentration.



MECHANISM



Bromination of an Unsymmetrical Ketone

• The acid-catalyzed bromination of MeCH2COCH3 gives about three times as
much 3-as 1-bromobutanone. To identify the groups of α-H atoms expected to
undergo preferential substitution in CH3CH2COCH3 requires comparison of the
formation of the relevant enols, A and B.

• Of these, enol-A is likely to be more stable than enol-B as the former has the
more heavily substituted double bond, the favoured bromination product is thus
expected to be CH3CH(Br)COCH3.



CHANCE OF SECOND HALOGENATION

• The introduction of a second bromine into a mono-bromoketone (BrCH2COCH3)

is more difficult than was introduction of the first one.

• The reason is that the most of the intermediate (and T. S.) involved in the

formation of the enol, CH2=C(OH)Me from acetone (CH3COCH3), carries a

positive charge. The corresponding +vely charged intermediate involved in the

formation of the enol from BrCH2COCH3will, therefore, be destabilized (relative

to the one from CH3COCH3) by the electron-withdrawing inductive effect

exerted by its Br atom.

• The bromoketone is less basic than acetone itself, so less of the reactive

protonated form is present. This slows down any further electrophilic attack.

• As yet unreacted CH3COCH3will thus undergo enolisation and subsequent

(rapid) bromination in preference to BrCH2COCH3.

• It is thus normally possible, under acid conditions, to stop bromination so as to

obtain the mono-bromo product, preparatively.



MECHANISM



MECHANISM

If the rate-limiting transition state resembles this carbocation, then 

the transition state should have very high energy and the rate should 

be slower.

When further bromination is made to take place, the major product is

found to be the 1,1-dibromocompound Br2CHCOCH3 but under the

reaction conditions, this isomerizes to some extent to the

1,3-derivative, BrCH2COCH2Br.



BROMINATION OF ENOL VS ALKENE

Contrary to the mechanism of alkene bromination, here the attack on the bromine

is assisted by an electron pair on oxygen. After addition of the first halogen to

the double bond, the resulting carbocation intermediate loses a proton instead of

adding the second halogen. No brominium ion intermediate is formed in this case

and the product is a ketone. Enols are also more nucleophilic than simple

alkenes—the HOMO is raised by the interaction with the oxygen’s lone pairs.



BROMINATATION IN PRESENCE OF AlCL3

• The halogenation of carbonyl compound can also be carried out in

presence of Lewis acids

• Ethyl phenyl ketone, an unsymmetrical ketone, gives 100% yield

of the α-bromoketone with catalytic AlCl3 in ether as solvent.

Bromination, in this case, does not occur on the benzene ring, nor

on any other atom of the aliphatic side chain.

• This is because only one position can form an enol and the enol is

more reactive towards bromine than the aromatic ring.



MECHANISM



Base-Catalysed Halogenation

Halogenation of aldehydes and ketones with α-hydrogens also

occurs in presence of base. In this reaction, all α-hydrogens are

substituted by halogen. In case of acetaldehyde or a methyl ketone,

the product of halogenation is a trihalo carbonyl compound, which

is not stable under the reaction conditions. This compound reacts

further to give, after acidification of the reaction mixture, a

carboxylic acid and a haloform.



MECHANISM

• This reaction is zero order in bromine and this suggets at least a
two-stage process, the first being the rate-determining step of
formation of an intermediate which then rapidly reacts with
bromine to give the products.

• The mechanism involves the formation of an enolate ion as a
reactive intermediate via the corresponding carbanion.

The enolate ion reacts as a nucleophile with bromine rapidly to give

an α-halocarbonyl compound.



However, bromination does not stop after the first bromine is

introduced because the enolate ion of the α-haloketone is formed

even more rapidly than the enolate ion of the starting ketone. The

reason is that the electron-withdrawing inductive effect of the

bromine makes the α-hydrogen even more acidic and stabilizes the

resultant carbanion/enolate ion intermediate. The stability of the

transition state for enolate-ion formation can be explained in terms

of Hammond’s postulate. Consequently, a second bromination

occurs.

The dibromo carbonyl compound brominates again even more rapidly. 

The α-Hydrogen is even more acidic and so forms a new enolate ion 

even more quickly. 



Therefore, all the bromines are introduced on the same carbon atom.

A carbon–carbon bond is broken when the tribromo carbonyl

compound undergoes a nucleophilic acyl substitution reaction. The

leaving group in this reaction is a tribromomethyl anion, a better

leaving group than hydroxide ion. This acid–base reaction drives the

overall bromoform (pKa = 9) reaction to completion.



Bromination of an Unsymmetrical Ketone

• With ketones such as RCH2COCH3, that have alternative groups of

α-H atoms to attack, it is found that bromination yields 1- and 3-

bromobutanones in virtually equal amount (both these bromoketones

then undergo very rapid further reaction). The inductive effect

exerted by a simple alkyl group, R, thus appears to have relatively

little effect on the acidity of H2 or on the stability of the resultant

carbanion/enolate anion, B.



The powerful electron-withdrawing inductive effect exerted by Br atom makes the

α-H atoms of the CH2Br group more acidic than those of the RCH2 group and may

also help stabilize the resultant carbanion /enolate anion, C, compared with D. The

former will thus be formed preferentially and further bromination will thus be

expected on CH2Br rather than on RCH2. Again, because of this electron-withdrawal

by the Br atom, carbanion/enolate anion, C will be formed more rapidly than that of

A, i.e., the second bromination will be faster than that of the first and the third

bromination of CH3 will be correspondingly faster still. Therefore, the end-product

of the base-catalysed halogenation is expected to be RCH2COCX3.



IODOFORM REACTION

• The base-catalysed halogenation reaction of carbonyl compound

happens with iodine and the whole process with iodine using a

general structure for a carbonyl compound bearing a methyl

group is known as iodoform reaction.

• The compound must contain an acetyl (-COCH3) group attached

to either carbon or hydrogen, or by compounds which are

oxidised under the condition of the reaction to derivatives

containing the acetyl group, e.g., ethanol, isopropanol, etc.



HELL-VOLHARD-ZELINSKY REACTION

α-Bromination of Carboxylic Acids 

Carboxylic acids containing α-hydrogen atom/s can be converted

into the corresponding α-bromo acids by treatment with bromine

and a catalytic amount of phosphorous or PBr3. A bromine atom is

substituted for an α-hydrogen atom in this reaction. (The actual

catalyst is PBr3; phosphorus reacts with Br2 to give PBr3). This

reaction is known as Hell–Volhard–Zelinsky (H-V-Z) reaction.



NOTES

• When the reaction is carried out at a high temperature (100 °C or above), then

α-bromo acids are found to undergo thermal dehydrohalogenation to give

α,β-unsaturated acids.

• In case of α-chlorination some side reactions involving chlorine free-radicals also

takes place and a mixture of chlorinated products are formed.

• When more than one α-hydrogen atoms are present in a monocarboxylic acid

dihalogenated or trihalogenated compounds are rarely formed. The reason may be

that after monohalogenation, further enolisation becomes more difficult due to –I

effect of the α-halogen atom.

• Since the H-V-Z reaction with bromine is specific for α-hydrogen atoms, it can be

used to detect the presence of α-hydrogen in an acid. Consequently,

trimethylacetic acid does not undergo the H-V-Z reaction.

• Carboxylic acids do not undergo α-halogenation directly when treated with

halogens like Br2 or I2. Enolisation of the acid bromide is far more rapid than that

of the acid.



• The carboxylic acids with α-hydrogen atoms cannot undergo enolisation which is
necessary for the α-halogenation. Enolisation is prevented by the resonance of the
carboxylic group.

• In case of acyl bromide, this type of resonance is least contributing because lone
pair electrons on the bromine atom are in 4d orbital and that fails effectively
overlap with the 2p-level of carbon. In this case, therefore, enolisation procees
predominates.



MECHANISM

• Mechanism of HVZ reaction involves several steps. First of all,
phosphorous reacts with bromine to give phosphorous tribromide (PBr3)
and this then converts a small amount of the carboxylic acid into the acid
bromide.

From this point, the mechanism closely resembles that for the acid-catalyzed

bromination of ketones. The enol of the acid bromide is the species that actually

brominates.



MECHANISM

An acyl bromide can readily exist in the enol form and this

tautomer is rapidly brominated at the α-carbon. The

monobrominated compound is much less nucleophilic, as the

reaction stops at this stage.

The acyl intermediate (bromoacyl bromide) compound can undergo

bromide exchange with unreacted carboxylic acid via the anhydride,

which allows the catalytic cycle to continue until the conversion is

complete.



MECHANISM



BROMINATION WITH CHIRAL  ACID

• When a chiral acid containing a α-hydrogen atom is subjected to

H-V-Z reaction, then finally a racemic mixture is obtained. During

enolisation, the chiral centre is transformed into an enantiotopic

face. Brominations, from both the faces, give the racemic mixture.


