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7.9: ORIENTATION OF ELECTROPHILIC ADDITIONS - MARKOVNIKOV'S RULE

40 OBJECTIVES

After completing this section, you should be able to

o use Markovnikov’s rule to predict the product formed when a protic acid, HX, reacts with an alkene.

o identify the protic acid, HX, and the alkene that must be reacted together to produce a given alkyl halide. [Note: Special conditions
are needed if an alkyl iodide is to be produced.]

o distinguish among primary, secondary and tertiary carbocations.

Make certain that you can define, and use in context, the key terms below.
e Markovnikov’s rule
o regioselective (regiospecific)

X STUDY NOTES

Recall the definitions of primary, secondary and tertiary hydrogen atoms given in Section 3.3. It follows that a “primary carbocation” is
a carbocation in which the carbon atom carrying the positive charge is bonded to only one other carbon atom, a “secondary
carbocation” is one in which the carbon atom carrying the positive charge is bonded to two other carbon atoms, and so on.
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REGIOSELECTIVITY

If more than one reaction could occur between a set of reactants under the same conditions giving products that are constitutional isomers
and if one product forms in greater amounts than the others, the overall reaction is said to be regioselective.

Say three reactions could occur between the hypothetical reactants A and B under the same conditions giving the constitutionally isomeric
products C, D, and E.

There are two possibilities:

1. The three products form in equal amounts, i.e., of the total product 33% is C, another 33% D, the remaining 33% E. (These percentages
are called relative yields of the products.)

https://chem.libretexts.org/@go/page/474246


https://libretexts.org/
https://creativecommons.org/licenses/by-sa/4.0/
https://chem.libretexts.org/@go/page/474246?pdf
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Organic_Chemistry_I_(Morsch_et_al.)/07%3A_Alkenes_-_Structure_and_Reactivity/7.09%3A_Orientation_of_Electrophilic_Additions_-_Markovnikov's_Rule

LibreTextsm

relative yield
(o 33%
A + B —mmM D 33%
E 33%

If this is what is observed, the overall reaction between A and B is not regioselective.

2. One product forms in greater amounts than the others. Say, for example, the relative yields of C, D, and E are 25%, 50%, and 25%,

respectively.
relative yield
c 25%
A + B — » D 50%
E 25%
If this is what is observed, the overall reaction between A and B is regioselective.
eg:
Br
2

3

Experimentally, 2 is the major product; 3 is the minor product. Thus, the overall reaction between 1 and HBr is regioselective toward 2.
If more than one reaction could occur between a set of reactants under the same conditions giving products that are constitutional isomers
and if only one product is observed, the overall reaction is said to be 100% regioselective or regiospecific.

eg:
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Br
5
N+ H—Br
4
/\/Br
6

The only observed product is 5. (Relative yields of 5 and 6 are 100% and 0%, respectively.) Thus the overall reaction between 4 and HBr is
regiospecific toward 5.

Regiospecificity is merely the limiting case of regioselectivity. All regiospecific reactions are regioselective, but not all regioselective
reactions are regiospecific.

ADDITION TO UNSYMMETRICAL ALKENES

During the electrophilic addition of HX to an alkene, the halide (X) could attach to either carbon in the double bond producing two different
isomers as products. But, when an unsymmertrically alkyl substituted alkene undergoes an electrophillic addition with HX a single isomer is
typically produced. For example, if propene were reacted with HBr, two products could possibly form: 2-bromolpropane and 1-
bromopropane. However, 2-bromopropane is produced as the reaction's only product. Reactions are called regiospecific when only one of
multiple possible isomers is exclusively formed.

H H Br H H Br
N/ HBr H I | H H_ I I H
CcC—C _— Cc—C —

/ \ / \ / \

H3C H H,C H H3C
2-Propene 2-Bromopropane 1-Bromopropane

(Sole Product) (Not Formed!)

v EXAMPLE 7.9.1

If HCI adds to an unsymmetrical alkene like propene what will the major product be?

Solution
H3C—CH,—CH,—Cl

1-chloropropane

HC—CH—CHj
cl

2-chloropropane
MAJOR PRODUCT

The regiospecificity of electrophilic additions to alkenes is commonly known as Markevnikov's rule, after the Russian chemist Vladimir
Markovnikov who proposed it in 1869. The electrophilic addition of HX to an alkene is said to follow Markovnikov's rule.

Markovnikov's rule: During the electrophilic addition of HX to an alkene, the H adds to the carbon of the double bond with the fewest
number of alkyl substitutent. The halide (X) adds to the double bond carbon with the most alkyl substituents. Although Markovnikov's rule
has been specifically stated for the electrophilic addition of HX, later in this chapter many more reaction will be shown to also follow
Markovnikov's rule.
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This carbon has
no alkyl substituents

This carbon has \
. H H Br H
one alkyl substituent N HBr Hol 1 H
\/ :C\ \/C—C\/
HS  H Eher

This carbon has
two alkyl substituents

Hzl H, CHs
CH3 2 |
/C\C/ HC' /C\C/CI
H2C\ IIC ? HZC\ |
H, T Ho H

This carbon has
one alkyl substituent

It is important to point out that Markovnikov's rule only truly applies when there is a difference between the number of alky groups attached
to each carbon in the double bond. When both carbon of the double bond have the same degree of alkyl substitution, Markovnikovs's rule
becomes void and a mixture of both possible isomers is produced.

This carbon has
one alkyl substituent

This carbon has \
. H H Br H H Br
one alkyl substituent N\ Y HBr HT | H Ho 1 H
\ - _mer Ny + \C_C/
/ \ Ether / \ \
CHsCH,CH,  CHj CHsCH,CH,  CHs CHsCH,CH,  CHs

To consider an explanation for why Markovnikov's rule holds true, the mechanism of the reaction needs to be considered. As seen in the
previous section, the mechanism starts with the addition of H to a carbon in the double bond. This in turn caused the other double bond
carbon to become a carbocation intermediate. In the second step of the mechanism the halide ion attacks the carbocation to form a C-X.
Because Markovnikov's rule says that the halogen adds to the carbon in the double bond with the most alky substituents, it can be said the
carbocation also prefers to form on the carbon with the most alkyl substituents. The reason for this holds the explaination for Markovnikov's
rule. To simplify this idea, Markovnikov's rule can be restated in a different form.

Markovnikov's rule: During the electrophilic addition of HX to an alkene, the carbocation intermediate forms on the double bond carbon
with the greatest number of alkyl substitutents.

CH:Z ® _CHj 22 CI;HS
/ \C cr Y, \C/CI
H2C\ CI)  ——— HZC\ |
H g v e
C2 /CH3 L Ho H i H, H
/- C Tertiary (3°) Carbocation
H,C i + HCl )
\__C (More Subsituted)
C \H _ .
H, 7L\ H, C|ZH3 H> C|3H3
HZC\ | @ —_— H2C\ é
H, H Hz 1
Secondary (2°) Carbocation Not Formed!
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CH:2 © CHs Ha (I:H3
/ Cl /- C
HZC\ é —_— HZC\ I
H c— \\H C/cl:\H
CZ\ CHs - H2 H - Hz H
/- C Tertiary (3°) Carbocation
H,C I + HCI !
c—C~ (More Subsituted)
Hy H K [ H, C|:H3 1 H, (|:H3
\ /C\C/H cr /C\C/H
HC Lo ——  HC |

Secondary (2°) Carbocation Not Formed!

PREDICTING THE PRODUCT OF AN ELECTROPHILIC ADDITION WITH HX

Overall, during the electrophilic addition of HX to an alkene there are two major changes in the bonding. First, the pi bond of the alkene is
broken. Second, a single bond is formed on each carbon that was originally in the double bond. The two single bonds will become attached
to and H and an X. If the alkene is unsymmertrically alkyl substituted, Markovnikov's rule is followed and the X will be bonded to the more
alky substituted carbon and the H to the less substiuted. If the alkene is symmertrically alkyl substituted a mixture of isomers will be

produced in the product.

Put X on the more alkyl
substituted carbon and

Break the :
Add a single bond
H H = bond H H to' each %arbon Hol | H H on the less substituted X H
N/ \ / ~ - H.l |_H
c=¢C e c—C c—G c—C
/ \ / \ / \ / \
R H R H R H R H
This is
the product
? WORKED EXAMPLET.9.1
Please draw the product of the following reaction:
CH
CHs 3
HBr Br
_
Ether H
H

Answer
In answering these types of questions it is always important to first determine which reaction is occurring. Because an alkene is the
reactant and HBr is the product this reaction is an electrophilic addition. Overall, the double bond will be broken as H and Br are
added. The next step is to determine if Markovnikov's rule needs to be applied. In the reactant's double bond the upper carbon has
two alkyl substituents and the lower carbon has only two. Markovnikov's rule says that Br will attach to the upper carbon and H to

the lower.
CH
CHj 3
HBr Br
—_—
Ether H
H

PLANNING THE SYNTHESIS OF AN ALKYL HALIDE USING ELECTROPHILIC ADDITION

Understanding the starting material and reaction required for the synthesis a specific target molecule is an important concept in organic
chemistry. The preferred method for answering these types of questions is to work backwards from the target molecule. Often there will be
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multiple variations of reactions and starting materials capable synthesizing the target molecule. Further analysis of these variations can draw
out strengths and weaknesses and lead to the pathway with the best chance of success.

To create a possible starting material for a given alkyl halide simply reverse the bonding changes expected during an electrophilic addition.
Remove the C-X single bond and a C-H bond from an adjacent carbon. Then connect these two carbons with a double bond.

Remove the C-X H Remove a C-H single bond Connect the carbons H H
single bond from an adjacent carbon H H with a double bond
H\(l:_é/H 9 H\C—é/H ) ~c—c” \C:C/
/ \ / \ / \ \
R H R H R H R H
Alkly Halide Possible Starting

Material

? WORKED EXAMPLE 7.9.1

What alkene would be required to make the following 2-bromopentane using an electrophilic addition?

I|3r
H3;C CHCH,CH,CH3

Answer
Analysis: Possible starting materials can be made by first removing the C-Br bond and an adjacent C-H bond. Then connecting the
two carbons with a double bond. Because there are two different locations where an adjacent C-H bond can be removed there will
be two possible starting material.

H Br
Adjacent C-H Bond —— \ |
: ~~CCHCH,CH,CH, — H,C=CHCH,CH,CHj

Possible Starting Material #1

Adjacent C-H Bond
Br H
e
CH3CHCHCH,CH, ——> CH3CH=CHCH,CH3
Possible Starting Material #2

Solution: When comparing the the possible starting materials, #1 will follow Markovnikov's rule and produce 2-bromopentane as
the sole product. Starting material #2 is symmertrically alkyl substituted, so Markovnikov's rule does not apply. A mixture of 2-
bromopentane and 3-bromopentane would be produced. Between the two possible starting material #1 would be preferred because
only one product is produced.

Br
HBr [
HC=CHCH,CH,CH3 m’ CH3CHCH,CH,CHs
Possible Starting Material #1 2-Bromopentane
Br Br
HBr [ |
CH3CH=CHCH,CHjg T CH3CHCH,CH,CH;  t CH3CH,CHCH,CH3
ther
Possible Starting Material #2 2-Bromopentane 2-Bromopentane

Predict the product(s) for the following reactions:
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HClI

HBr

Cl

HBr

? EXERCISE 7.9.2

In each case, suggest an alkene that would give the product shown.

O X

Answer

Give the IUPAC name for the product of the following reaction.
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3 HCI

Answer

/\: j Cl
= i’ g chlorocyclopentane

? EXERCISE 7.9.4
Draw the reaction mechanism of the previous problem

Answer

H
@q i \)_\/Cmr a

? EXERCISE 7.9.5

Identify the products of the following reactions.

(a)
(b}
HEr
/Y T
Answer
(a)
—_— /\/Cll\
SNEN - +

SN HBr
Ty
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