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8.3: HALOHYDRINS FROM ALKENES - ADDITION OF HOX

After completing this section, you should be able to

write the equation for the formation of a halohydrin from an alkene.
write the mechanism for the formation of a halohydrin from an alkene and a mixture of halogen and water.
predict the mechanism of the addition reaction that occurs between a given reagent and an alkene, basing your prediction on
mechanisms you have studied in this chapter.
identify the alkene, the reagents, or both, that should be used to produce a given halohydrin by an addition reaction.
identify N-bromosuccinimide in aqueous dimethyl sulphoxide as an alternative source of bromine for producing bromohydrins.

Make certain that you can define, and use in context, the key terms below.
bromohydrin
halohydrin

Bromohydrin and chlorohydrin are examples of halohydrins (where X = Br or Cl).

alkene

HO

XX2

H2O

halohydrin

Chemists often abbreviate the names of frequently used chemicals: DMSO for dimethyl sulfoxide, NBS for N-bromosuccinimide, etc.
You should already be familiar with some similar examples from everyday life: DDT for dichlorodiphenyltrichloroethane, PCB for
polychlorinated biphenyl, and ASA for acetylsalicylic acid (aspirin). You can see how someone with a limited knowledge of chemistry
could misinterpret the abbreviation NBS—it is not a compound containing nitrogen, boron and sulfur!
NBS can serve as a less dangerous and easier to handle replacement for Br  in the formation of bromohydrins.
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The proton is not the only electrophilic species that initiates addition reactions to the double bond of alkenes. Lewis acids like the halogens,
boron hydrides and certain transition metal ions are able to bond to the alkene pi-electrons, and the resulting complexes rearrange or are
attacked by nucleophiles to give addition products.The electrophilic character of the halogens is well known as discussed in the previous
section. Chlorine (Cl ) and bromine(Br ) react selectively with the double bond of alkenes, and these reactions are what we will focus on.
Fluorine adds uncontrollably with alkenes,and the addition of iodine is unfavorable, so these are not useful preparative methods.

The addition of chlorine and bromine to alkenes, as shown below, proceeds by an initial electrophilic attack on the pi-electrons of the double
bond (Section 8.2). Dihalo-compounds in which the halogens are bound to adjacent carbons are called vicinal, from the Latin vicinalis,
meaning neighboring.

R C=CR  + X  ——> R CX-CR X

Another electrophilic addition to an alkene is the reaction of an alkene with the other halogen-containing reagents like hypohalous acids,
HOX, to form halohydrins. However, halohydrins are not formed by directly adding a hypohalous acid, instead the alkene is reacted with
Br  or Cl  in the presence of water. These reagents are unsymmetrical (unlike Br  or Cl ), so their addition to unsymmetrical double bonds
may in principle take place in two ways. In practice, these addition reactions are regioselective, with one of the two possible constitutionally
isomeric products being favored. The electrophilic moiety in both of these reagents is the halogen.

(CH ) C=CH  + HOBr ——> (CH ) COH-CH Br
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The regioselectivity of the above reactions may be explained by the same mechanism we used to rationalize the Markovnikov rule. Thus,
bonding of an electrophilic species to the double bond of an alkene should result in preferential formation of the more stable (more highly
substituted) carbocation, and this intermediate should then combine rapidly with a nucleophilic species to produce the addition product.

The regioselectivity of the above reactions may be explained by the same mechanism we used to rationalize the Markovnikov rule. Thus,
bonding of an electrophilic species to the double bond of an alkene should result in preferential formation of the more stable (more highly
substituted) carbocation, and this intermediate should then combine rapidly with a nucleophilic species to produce the addition product.

C C

Br Br

Br
C C

+ Br

Step one is the same as halogenation of alkenes. The halogen, in this case bromine, reacts with the alkene to form a cyclic bromonium ion.

Step two does not have the bromine ion attack, but instead water acts as the nucleophile. Water is available at a higher concentration than
the bromine ion, so is more likely to be available in the correct orientation for the nucleophilic attack. Water is also a better nucleophile than
the bromine ion. The better a nucleophile, the more likely it is to attack. You may notice that as oxygen makes a bond it gets a positive
formal charge at the completion of this step.
Step 3 is a final acid-base step, where there is a loss of a proton from the oxygen to the solvent (water) to form the neutral halohydrin. In
this case, a bromohydrin is the product of the addition reaction.
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To apply this mechanism we need to determine the electrophilic moiety in each of the reagents. By using
electronegativity differences we can dissect common addition reagents into electrophilic and nucleophilic moieties,
as shown on the right. In the case of hypochlorous and hypobromous acids (HOX), these weak Brønsted acids
(pKa's ~ 8) do not react as proton donors; and since oxygen is more electronegative than chlorine or bromine, the
electrophile will be a halide cation. The nucleophilic species that bonds to the intermediate carbocation is then
hydroxide ion, or more likely water (the usual solvent for these reagents), and the products are called halohydrins.
Sulfenyl chlorides add in the opposite manner because the electrophile is a sulfur cation, RS(+), whereas the
nucleophilic moiety is chloride anion (chlorine is more electronegative than sulfur).
Below are some examples illustrating the addition of various electrophilic halogen reagents to alkene groups. Notice
the specific regiochemistry of the products, as explained above.
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Predict the product of the following reaction:

Answer

When butene is treated with NBS in the presence of water, the product shows that the bromine is on the least substituted carbon, is this
Markovnikov or anti-Markovnikov?

Answer
Since the bromine is the first addition to the alkene, this addition would be an anti-Markovnikov addition.

This page titled 8.3: Halohydrins from Alkenes - Addition of HOX is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by
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