Reactions of Alkenes:
Addition Reactions

SUMMARY

Alkenes are unsaturated hydrocarbons and react with substances that add to the double bond.

Section 6.1

Section 6.2

Section 6.3

Sections
6.4-6.7

Section 6.8

Sections
6.9-6.10

Section 6.11

Sections
6.12-6.20

Section 6.20

See Table 6.6.

Hydrogenation of alkenes is exothermic. Heats of hydrogenation can be measured and used to assess the
stability of various types of double bonds. The information parallels that obtained from heats of combustion.

Hydrogenation of alkenes is a syn addition.

See Table 6.6. Hydrogen halide addition to alkenes proceeds by electrophilic
attack of the reagent on the p electrons of the double bond. Carbocations are intermediates. Addition to
unsvmmetrical alkenes is regioselective.
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Protonation of the double bond occurs in the direction that gives the more stable of two possible carbocations.

Hydrogen bromide is unique among the hydrogen halides in that it can add to alkenes either by electrophilic
or free-radical addition. Under photochemical conditions or in the presence of peroxides, free-radical addition

is observed, and TTP= ~ddn 4~ dhn donldls bned el o wnsinnnalandisdis ~eengite t0 that of Markovnikov'’s rule.
. HE: CH,Br
C Hz —Ii H
Methvlenecvcloheptane (Bromomethylicveloheptane
(B15%)
See Table 6.6

Addition and elimination reactions are often reversible, and proceed spontaneously in the direction in which
the free energy G decreases. The reaction is at equilibrium when DG 5 0. Free energy is related to enthalpy
(H) and entropy (S) by the equations

G5H2TS and DGS5DH2ITDS
The standard free energy change DGS is related to the equilibrium constant XK by the equation
DGS8 5 2RTInK
See Table 6.6

Alkenes are cleaved to carbonyl compounds by ozonolysis. This reaction is useful both for synthesis
(preparation of aldehydes, ketones, or carboxylic acids) and analysis. When applied to analysis, the carbonyl
compounds are isolated and identified, allowing the substituents attached to the double bond to be deduced.
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7 Ii:- 3 CH:CH + CH.CH.CCH2CH;
3-Ethyl-2-pentens Acetaldehyde 3-Pentanone

CHACH=C{(CH,CH;), —

Section 6.21 The reactions described so far can be carried out sequentially to prepare compounds of prescribed structure
from some given starting material. The best way to approach a synthesis is to reason backward from the
desired target molecule and to always use reactions that you are sure will work. The 11 exercises that make up
Problem 6.36 at the end of this chapter provide some opportunities for practice.

Section 6.22 In their polymerization, many individual alkene molecules combine to give a high-molecular-weight product.
Among the methods for alkene polymerization, cationic polymerization, coordination polymerization, and
free-radical polymerization are the most important. An example of cationic polymerization is on catalytic
hydrogenation?

1
2n{CH;),C=CH; L -l'—(lf—CHg—(f—CHz—'l;

CH: CH;
2-Methylpropene Polvisobutylens
TABLE 6.6 Addition Reactions of Alkenes
Reaction (section) and comments General equation and specific example
Catalytic hydrogenation (Sections Pt, Pd, Rh, or Ni

- - _— %‘ - -
6.1-6.3) Alkenes react with hydrogen in RiC=CR; + H, R,CHCHR,
the presence of a platinum, palladium, Alkene Hydrogen Alkane
rhodium, or nickel catalyst to form the

corresponding alkane.
H:
& - &

cis-Cyclododecene Cyclododecane (100%)

Addition of hydrogen halides (Sections RCH=CR; + HX —— RCH,—CR;
6.4-6.7) A proton and a halogen add to |
the double bond of an alkene to yield X
an alkyl halide. Addition proceeds in ac- Alkene Hydrogen Alkyl
cordance with Markovnikov's rule; hy- halide halide

drogen adds to the carbon that has the

greater number of hydrogens, halide to CH
the carbon that has the fewer hydro- CH, + HC —— ?
gens. cl

Methylenecyclo-  Hydrogen 1-Chloro-1-
hexane chloride methyleyclohexane (75-80%)
Addition of sulfuric acid (Section 6.9) RCH=CR; + HOSO,0H — RCH,—CR;
Alkenes react with sulfuric acid to form
alkyl hydrogen sulfates. A proton and a 050;0H
hydrogen sulfate ion add to the double Alkene Sulfuric acid Alkyl hydrogen sulfate

bond in accordance with Markovnikov's
rule. Alkenes that yield tertiary carboca- ~H2CG=CHCHzCH; + HOS0,0H > CH3—C|HCH2CH3

tions on protonation tend to polymerize 050.0H

in concentrated sulfuric acid (Section 2

6.21). 1-Butene Sulfuric acid sec-Butyl hydrogen
sulfate

Acid-catalyzed hydration (Section 6.10) RCH=CR; + H.0 =, RCH,CR;
Addition of water to the double bond |
of an alkene takes place in aqueous OH
acid. Addition occurs according to Mar- Alkene Water Alcohol
kovnikov's rule. A carbocation is an in-

tergEsiright @ WN@G%WHlWOJQmpamW(CI-PQF

cule of water acting as a nucleophile.
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2-Methylpropene tert-Butyl alcohol
(55-58%)




TJIELE B.6 Addition Reactlons of Alkenas (Continuad)

Reacticn {ssction) and comments

General equation and specific exampls

Hydroboration—oxidation {(Sections

6. 11-8.13) This two-step saquence
achieves hydration of alkenes in a ste-
repspecific syn manner, with a regicse-
lectivity cpposite to Markovnilov's rule,
An organoborane is formed by eledro-

philic addition of dibcrane to an alkene.

Cridation of the erganeboerane inter-
rmediate with hydrogen peroxide com-
pletes the process. Rearrangemenits do
Rt coour.

Bddition of halegens [Sections
&.14-5.16) Bremine and chlorine add to
alkenes to form vicinal dihalides. A op-
clic halonium ion is an imtermediata,
Stersospedfic amti addition is observed.

Halchydrin formation [Section 6.17)
When treatadwith bramine or chlerineg
in aqueous selution, alkenes are con-
verted towvidnal halehydring. & haleni-
ur ion is an interrnediats, The halegen
adds to the carbon that has the greater
numb=r of hydrogens. Additien is anti.

Epozidation [(Section 6.18) Peroxy acids
transfer axygen to the double bond of
alkznes to yield epoxides. The reaction
is a stereospecific syn addition.

RCH=CR} == 00, pepcHR,
; ;
Alkens Alchal
1. HzB-THF

(CH3 ) CHCHZCH=CHy ——————+ (CH2);CHCH,CH,CHo0H

A-Methyl-1-pentena A-Methyl-1-pantanal
B0

R R
RAC=CR; + X —r;-:—J:—é—:-c

alkene Halogen Wilnal dinalide
H{=CHCHCHAZH;CH; +  Bry; — BriH;—CHCHCHRCHZCH;
Ellr
1. 2-Dlbremohexans (100%:)
R’
RCH=CR; + X3 + H,.0 — }L—{H—i—DH + Hx

a

1-Hexane Bromine

Alkena Halogen — \Water Viinal Hydrogen
halohydrin hallde
_ CHaBr
O 50 Ox
z OH
Methykneyclohexans (1B romomethy Biogclohexanc
(B9
0 0
ReC—CRs + R'COOH —» RaC—CRz + rdon
Alkene Paromy Epoxide  Carbowylic
acid acld
+ CH3COOH —= Q‘] + CH3COH
1-Methykycloheptens  Peraayacetk 1-Methiyl-1,2- acetic
acid epoEycycloheptars ald
(655
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