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An alkene, sometimes called an olefin, is a hydrocarbon that contains a carbon-
carbon double bond. Alkenes occur abundantly in nature. Ethylene, for
instance, is a plant hormone that induces ripening in fruit, and «-pinene is the
major component of turpentine. Life itself would be impossible without such
alkenes as B-carotene, a compound that contains 11 double bonds. An orange
pigment responsible for the color of carrots, B-carotene is an important dietary
source of vitamin A and is thought to offer some protection against certain
types of cancer.

H3C CHj3
H H e s . N
N/ i, RTTHREENS
c=C 7
/ \
H H CH3
Ethylene a-Pinene

NN N\ NN

B-Carotene
(orange pigment and vitamin A precursor) beta-tA% M
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Figure 7.1 Compounds derived indus-

CH3CH,0H HOCH,CH>0OH CICH,CH»CI
trially from ethylene and propylene.
Ethanol Ethylene glycol Ethylene dichloride
0 0
H H [ [ /N
\C _c CH3CH CH3COH HoC—CH»p
¥ y Acetaldehyde Acetic acid Ethylene oxide
Ethylene 0
(ethene) I
HyC=CHOCCHz  —5-CH,CH,—%- H,C=CHClI
Vinyl acetate Polyethylene Vinyl chloride
(l)H 0 CH3
/ \
CH3CHCH3 H,C—CHCH3 %CHZCH%
Isopropyl Propylene Polypropylene
H CHg3 alcohol oxide
\ /
c=C
/ \
H H H CHj
\_/
Propylene C\‘CH3
(propene) Cumene
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o« ViU RSB HIFIEIE (steam cracking)

CH3(CH2)nCH3 [n == 0—6]

850-900 °C,
steam

Hy + HoC=CH, + CH3CH=CH; + CH3CHoCH=CHj

HHHH
He 0 X HF Hoo H
~N e e 25 2 pe—d| — 2 e=¢ + H
75, B /TN
HH H H H H H H

Y Y.

4 !
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4-Methyl-1,3-pentadiene Cyclohexene Bicyclo[3.1.0]hexane 4-Methyl-2-pentyne
(two double bonds) (one ring, one (two rings) (one triple bond)
double bond)

CeH1o
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CH:CH, H
SN
c—=c

/A

CH4CH,CH, H

Named as a pentene NOT

CH3CH,CHCH=CHCH
6 35 24 23 2 1 3

CH3CHCH,CH=CHCH
6 35 24 23 2 1 3

2-Hexene
CHBC\H2 H
2Cc=C1
CH-CH C{-I \H
5 34 23 2

2-Ethyl-1-pentene

CH3CH,  H
3 \2 /

C=cC
/TN

CH3CH,CH,  H

as a hexene, since the double bond is
not contained in the six-carbon chain

i
CH3CHCH=CHCH,CH
1 32 3 4 5 26 3

[
CH3CHCH=CHCH,CH
1 32 3 4 5 26 3

2-Methyl-3-hexene

[

H,C=C—CH=CH
21 2 3 4 2

2-Methyl-1,3-butadiene

1-Methylcyclohexene

HyC==

A methylene group

1,4-Cyclohexadiene
(New: Cyclohexa-1,4-diene)

HyC=CH—%-

A vinyl group

1,5-Dimethylcyclopentene

HyC=CH—CH,—=%-

An allyl group

Table 7.1 Common Names of Some Alkenes

Compound Systematic name Common name
H,C=CH, Ethene Ethylene
CH3CH=CH, Propene Propylene
CH5 2-Methylpropene Isobutylene
CH3(|3 =CH,
CH3 2-Methyl-1,3-butadiene Isoprene

|
H,C=C—CH=CH,
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Problem 7.4
Give IUPAC names for the following compounds:
(a) H3(|3 (|3H3 (b) (|3H3
CHs3
(c) (|:H3 (|:H3 (d) CH3(i:HCH2CH3
CH3CH:CHCHCH:CHCHCH3 CH3CH2CH2CH:CHCHCH2CH3
Problem 7.5

Draw structures corresponding to the following IUPAC names:
(a) 2-Methyl-1,5-hexadiene

(b) 3-Ethyl-2,2-dimethyl-3-heptene

(c) 2,3,3-Trimethyl-1,4,6-octatriene

(d) 3,4-Diisopropyl-2,5-dimethyl-3-hexene
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7 bond Broken 7 bond after rotation
(p orbitals are parallel) (p orbitals are perpendicular)

cis-2-Butene trans-2-Butene
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Problem 7.9

Which of the following compounds can exist as pairs of cis-trans isomers? Draw each
cis—trans pair, and indicate the geometry of each isomer.

(a) CH3CH:CH2 (b) (CHg)zCZCHCHg

(C) CH3CH2CH:CHCH3 (d) (CH3)2C:C(CH3)CH2CH3

(e) CICH=CHC] (f) BrCH=CHCI
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Lower jHigher E double bond

C=C (Higher-ranked groups

Higher |Lower are on opposite sides.)

High\er iHigher Z double bond
C:EZC (Higher-ranked groups
P\ are on the same side.)

Lower i Lower

e
H H3C—CH Br (@)
\ \ / I
H C=CH, Cc=C HsC C—OH
\ / _/ \ \ /
C=C H,C=C H C=C
/ \ \ / \
H3C CHj H H CH,OH
(E)-3-Methyl-1,3-pentadiene (E)-1-Bromo-2-isopropyl- (Z)-2-Hydroxymethyl-

1,3-butadiene 2-butenoic acid
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Problem 7.13

Assign E or Z configuration to the following alkenes:

(a) H3C CH,OH (b) Cl CH,CH

3K ki \ il
/ \ / \
CH3CH,  CI CH30 CH,CH,CH3

(c) CHj3 (d) H CN

CO,H N
/ C=cC
C=cC /T N\
\ HsC CH,NH,

CH,OH




7.6 iEREORREN

A > 3<% > 3< ——
- AF=EUE, RUERLIRTOERIaE.
H H
H CH3 \/ H3C CHz
= —— . = C CH
- IMIIEEREME: SR e=d e e
H CH H-C CH .2-B B is-2-B
\ 3 gt 3 \ / 3 trans utene utane cis utene
C=C — C=C
V4 catalyst \
H3C H H H
Trans (76%) Cis (24%)
Steric strain 5
Vil g
H3C CH H CH
SN NV
CcC=C c=cC
/TN /
H H HaC H
trans-2-Butene Cis isomer Trans isomer
AHChydrog = —120 kJ/mol AHChydrog = —116 kJ/mol

cis-2-Butene
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A second factor that contributes to alkene stability involves bond strengths. A
bond between an sp? carbon and an sp3 carbon is somewhat stronger than a bond
between two sp3 carbons. Thus, in comparing 1-butene and 2-butene, the mono-
substituted isomer has one sp3-sp3 bond and one sp3-sp? bond, while the disubsti-
tuted isomer has two sp3-sp? bonds. More highly substituted alkenes always have
a higher ratio of sp3-sp? bonds to sp3—sp3 bonds than less highly substituted alkenes
and are therefore more stable.

sp3—sp2 sp2—sp3 sp3—sp3 sp3—sp2
CH3—CH=CH—CH3 CH3— CHy;—CH=CH,
2-Butene 1-Butene

(more stable) (less stable)
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Tetrasubstituted > Trisubstituted > Disubstituted > Monosubstituted
R R R H R\ /H R H R H
cC=C > C=C > /C:C\ ~ cC=C > c=cC
R R R R H R R H H H

Table 7.2 Heats of Hydrogenation of Some Alkenes

AHohydrog

Substitution Alkene (kJ/mol) (kcal/mol)
Ethylene H,C=CH> —-137 —-32.8
Monosubstituted CH3CH=CH> -126 —-30.1
Disubstituted CH3CH=CHCHg5 (cis) -120 —28.6

CH3CH=CHCHz5 (trans) -116 -27.6

(CH3)2C=CH, -119 —28.4
Trisubstituted (CH3)2C=CHCH3 —-113 -26.9

Tetrasubstituted (CH3)2C=C(CH3)» -111 —26.6
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Problem 7.15
Name the following alkenes, and tell which compound in each pair is more stable:
(a) HoC=CHCH,CH3 or (|3H3
H2C:CCH3
b H H H CH-,CH-»CH
(b) \ / \ o2t Ns
C=C or C=C
/ \ / \
HsC CH,CH,CH3 H4C H

(c) CH3 CH3

or
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H—Br

I} A hydrogen atom on the electrophile HBr is
attacked by 7 electrons from the nucleophilic
double bond, forming a new C-H bond. This
leaves the other carbon atom with a + charge
and a vacant p orbital. Simultaneously, two
electrons from the H-Br bond move onto
bromine, giving bromide anion.

2-Methylpropene

Carbocation
intermediate

A Bromide ion donates an electron pair to the
positively charged carbon atom, forming a C-Br 2|
bond and yielding the neutral addition product.

Br H
/
L—C.
H3C ¢ NH
H3C H

2-Bromo-2-methylpropane
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CH3 (|3'
First transition state Carbocation intermediate \CZCH + HCI Ether CH-—C—CH
Second transition state / 2 3 | 3
CH3 CH3
______ AGH* 2-Methylpropene 2-Chloro-2-methylpropane
(94%)
AGq .
> KI |
et CH3CH,CHyCH=CHy; ——— CH3CH»CH,CHCH3
g H3PO4
T (|3H3
CH3C;_C-I:|2__-:__H_B_r___T_ 1-Pentene (HI) 2-Iodopentane
AG°
CH
_l _______________ CHs 3
CH3 H20 OH
CH3(:3—Br H,SO4 catalyst
CHj
1-Methylcyclohexene 1-Methylcyclohexanol

Reaction progress ———————»
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Writing Organic Reactions

Solvent

H-C / CHj
3

|
c=cH, + HCl tther, CHy—C—Cl

25°C
H3C CHj
2-Methylpropene 2-Chloro-2-methyl-
propane
Reactant
H3C \ CH3
N\ HCl |
C=CH, _— CH3—C—ClI
/ Ether, 25 °C |
HaC \ CH3
2-Methylpropene  Solvent 2-Chloro-2-methyl-

propane
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Markovnikov’s rule
In the addition of HX to an alkene, the H attaches to the carbon with fewer
alkyl substituents and the X attaches to the carbon with more alkyl

substituents. - -
SZNE
r No alkyl groups
HsC ¢ (Ha on this carbon
C=CH, + HCI ——— CH3CCHj CH3CHCH,CI
H3C/ (\:H 2 alkyl groups CH3 C|7|
3 Eth
on this carbon\c =CH, + HCl ther CH3—C—CHg
2-Methylpropene 2-Chloro-2-methyl- 1-Chloro-2-methyl- / |
propane propane CH3 CH3
(Sole product) (Not formed)
) 2-Methylpropene 2-Chloro-2-methylpropane
2 alkyl groups
on this carbon
/ CHy
CH3 Br
O[ + pgy Ether
H H
H

1 alkyl group
on this carbon

1-Methylcyclohexene 1-Bromo-1-methylcyclohexane
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H Cl

+ | cr |
CHg_cl:_CHz — CH3—C|:—CH3

CHs3 CHs3
C{"g tert-Butyl carbocation  2-Chloro-2-methylpropane
C=CH + HCl (tertiary; 3°)
CHs3
2-Methylpropene T + or T
CHg_Cl_CHz — CH3_CI_CH2C|
CHjy CHjy
Isobutyl carbocation 1-Chloro-2-methylpropane
(primary; 1°) (Not formed)
Br
+ CH3 CH3
Br
E——
H H
H H
CH3 (A tertiary carbocation) 1-Bromo-1-methylcyclohexane
+ HBr
H H
H CH3
1-Methylcyclo- CHs Br™
hexene —
H
>y Br

(A secondary carbocation) 1-Bromo-2-methylcyclohexane
(Not formed)
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Problem 7.16
Predict the products of the following reactions:
(a) (b) CH3
HCL | HBr
: CH3CZCHCH2CH3 —_ ?
() CHj (d) CH,
HB
CH3CHCH,CH=CH, —22 ? — ?
H2S04

(Addition of H,O occurs.)

Problem 7.17
What alkenes would you start with to prepare the following products?

(a) Br (b) CHoCH3 (c) |BI’ (d) Cl
OL CH3CH,CHCH,CH,CH3
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Vacant p orbital

s,
&
- H /H R R
H—C+ R—C\+ R—C+* g—CH
H H H R
Methyl Primary (1°) Secondary (2°) Tertiary (3°)
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Problem 7.18
Show the structures of the carbocation intermediates you would expect in the following
reactions:
(a) CHz  CHg (b) CHCH3  HI
| | HBr — ?
CH3CH2C :CHCHCH3 —_— ?
Problem 7.19

Draw a skeletal structure of the following carbocation. Identify it as primary, secondary, or
tertiary, and identify the hydrogen atoms that have the proper orientation for hyper-
conjugation in the conformation shown.
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(a) (b) Figure7.14 Energy diagrams for
Transition state Transition state endergonic a.nd exergonic steps. (a) In

an endergonic step, the energy levels of
transition state and product are closer.
(b) In an exergonic step, the energy
levels of transition state and reactant
are closer.

Product Reactant

Energy
Energy

Reactant
Product

 J

 J

Reaction progress Reaction progress
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Energy

Slower
reaction

N

/

Less stable
carbocation

/

\

Faster
reaction More sta.ble
carbocation
H3C
\C CH
/ 2
H3C

HaC
N +
H—C—CH,
/
HsC

HsC
\ct-cH
/ 3
H3C

Reaction progress
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L T .
H3C H3C H H3C H
SC G, * hO — " e ¢+ ~c. <
H3C C H HsC C H HsC C
| /\ / N\
H H CI H H
3-Methyl-1- butene 2-Chloro-3-methylbutane 2-Chloro-2-methylbutane
(approx. 50%) (approx. 50%)
CHy H | CHz H CH; H
H3C | I HaC | | _H Hydride | | H
>c___c + H—Q:I — | e s = _— tc_cC
H/ \C¢ \H H/CC/ \H shift H3C/ \C/ \H
| v | /\
H H H H
3-Methyl-1- butene A 2° carbocation A 3° carbocation
lCI_ JCI_
CH3 H CHy H
/\ / \
H CI H H

2-Chloro-3-methylbutane 2-Chloro-2-methylbutane




CH; H
HC [ ° | [
/C\ ¢C\ + H—CI
HaC™ TCRH
H

3,3-Dimethyl-1-butene

CH; H
HaC | | _H _Methyl
- C +/C\ —
HsC k},C
] H

A 2° carbocation

lm_

CH; H
Hoe” ¢ TH
/ \

H ClI

2-Chloro-3,3-dimethylbutane

A 3° carbocation

lCI_

2-Chloro-2,3-dimethylbutane
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Problem 7.21
On treatment with HBr, vinylcyclohexane undergoes addition and rearrangement to yield
1-bromo-1-ethylcyclohexane. Using curved arrows, propose a mechanism to account for this

result.
CH,CH3

N HBr Br

Vinylcyclohexane 1-Bromo-1-ethylcyclohexane
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