ALKENES AND ALKYNES




V%
CH3

a-Pinene

B-Carotene
(orange pigment and vitamin A precursor)
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\/\/\\/\/\O

double bond terminal alkene internal alkene  cycloalkene




(p orbitals are parallel) (p orbitals are perpendicular)

ethylene sp? hybridized




CH2:CH2 CH3—CH3
152 keal/mol = 88 kcal/mol 64 keal/mol

(6 + 7 bond) (6 bond)

* The 1 bond is much weaker than the ¢ bond of a C-C double bond, making it
much more easily broken. As a result, alkenes undergo many reactions that
alkanes do not.




CHj
H3C\C—C/-—H
Hy, \

v —Ch>
H

1,5-Dimethyl-cyclohexene 3-Methyl-1-pentene



CH3CH,CH,CH=CHCH
6 35 24 23 2 .

2-Hexene

/
CH3CH,CH
= 34 23 2

2-Ethyl-1-pentene

i

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

2-Methyl-3-hexene

CHs

H,C=C—CH=CH
21 2. 3 4 4

2-Methyl-1,3-butadiene

1,4-Cyclohexadiene

2-propen-1-ol

(New: Cyclohexa-1,4-diene)

Sha)

6 2
6-methyl-6-hepten-2-ol

1,5-Dimethylcyclopentene




CH3;CH,—CH—CH=CHCH,CH3;

H3C\/\/\CH3

7

(]




CH3CH,CH,CH=CHCH
6 35 24 23 2 .

2-Hexene

/
CH3CH,CH
= 34 23 2

2-Ethyl-1-pentene

i

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

2-Methyl-3-hexene

CHs

H,C=C—CH=CH
21 2. 3 4 4

2-Methyl-1,3-butadiene

1,4-Cyclohexadiene

2-propen-1-ol

(New: Cyclohexa-1,4-diene)

Sha)

6 2
6-methyl-6-hepten-2-ol

1,5-Dimethylcyclopentene




COMMON NAMES OF ALKENES

Some alkenes, particularly low-molecular-weight ones, are
known almost exclusively by their common names.

Table 6.1 Common Names of Some Alkenes

Compound Systematic name Common name
H,C—CH Ethene Ethylene
CH3z;CH—CH> Propene Propylene
CH3
CH3C|: —CHo>
CH3
H2C=C|:—CH=CH2

2-Methylpropene Isobutylene

2-Methyl-1,3-butadiene Isoprene




(¢) CH;CH=CHCHCH=—CHCHCH;
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DRAW STRUCTURES CORRESPONDING TO THE
FOLLOWING IUPAC NAMES:

= 2-Methyl-1,5-hexadiene

= 3-Ethyl-2,2-dimethyl-3-heptene

4 6-octatriene




KO

T CH.CH,O0H + K -+ Hgl)

romocyclohexane Cyclohexene (81%)
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CH3

CH,
OH _H:SO,. H:O

1-Methylcyclohexanol 1-Methylcyclohexene (91%9%)

< /] Tetrahydrofuran (FTHF)—a common solvent :|




KOH
CJ'IG—C&—CHZ—CHz—Bf ———)

Br

l
CeHg—CHy—CH—CgHs — > 3

R~ &

OH




cis-2-Butene trans-2-Butene
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These two compounds are identical;
they are not cis—trans isomers.

These two compounds are not identical;
they are cis—trans isomers.
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E double bond
(Higher-priority groups
are on opposite sides.)

Higher i Higher Z double bond
R i g N - ;
C:I (Higher-priority groups
: 2 3 are on the same side.)
Lowvver :Lower
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priority

priority

(a) (E)-2-Chloro-2-butene
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Low
riority H
p y \

[
CHa |

High
priority

ck

Low

/CH3 priority

C

\
Cl' High
priorit

(b) (Z)-2-Chloro-2-butene






E,Z CONFIGURATION

= The E,Z uses priority rules:

= |f groups of higher priority are on the same side, configuration is Z
(German, zusammen).

= |f groups of higher priority are on opposite sides, configuration is E
nan, entgegen).




EXAMPLES

H CH;
\_/
H3C/ \CH(CH3)2

(Z)-4,5-dimethyl hexene

CH,

CI\ /CH3
c—c
/ AN
H,C CH,CH;

(E)-4-chloro-2- pentene
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STABILITY OF ALKENES

= Cis alkenes are less stable than trans alkenes.

= This is due to steric (spatial) strain between the two bulky
substituents on the same side of the double bond.

= Less stable isomer is higher in energy.

stability:

> disubstituted > monosusbtituted.




©2004 Thomson - Brooks/Cole



H.— CH=CH — CH,

2-Butene 1-Butene

(more stable) (less stable)
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CH,CH,CH, H,C

(c) CH, CH,
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REACTIVITY OF ALKENES

The pi bond of an alkene is weak an hence loosely held.

The electrophiles attract to the pi electrons.

A carbocation reaction intermediate is formed.

Then the nucleophile adds to the carbocation.

es undergo electrophilic addition reactions and the




hydration

[H,0]

hydrogenation

[H.]. a reduction

hydroxylation
[HOOH |, an oxidation

oxidative cleavage
[O.], an oxidation

epoxidation
[O]. an oxidation

Type of Addition

[Elements Added]* Product

halogenation
[X.]. an oxidation

halohydrin formation
[HOX]. an oxidation

(l)ll (l)H

HX addition
_—

C [HX]

cyclopropanation

[CH,]

“These are not the reagents used but simply the groups that appear in the product.




ELECTROPHILLIC ADDITION

Step 1: Pi (1) electrons attack the electrophile

/\ E
— + | /
=c._ + E > c—ct

~—

acks the carbocation.



H H

HeC” ¢~ H

75N
H C

2-Chloro-3-methylbutane 2-Chloro-2-methylbutane
(approx. 50%) (approx. 50%)

CH3 H : CHg3
H3C | | _H Hydride

+
TR T T

H H

A 2° carbocation A 3° carbocation

Jer

CHz H
H3C | | _H
CI/C\C/C\
AN
H H

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



H Br

Bromoethane /

(Ethyl bromide)




REGIOSELECTIVITY (ORIENTATION)

Br 12l J 5 Br
CH,CH=CH, + HBr — CH,CH—CH, + CH3CH—CH,

Propene 2—Bromopr0pane l-Bromopropane
(not observed)

© 2006 Brooks/Cole - Thomson




slow, rate H

/__\6+ a determining I .

i o=
CHyCH==CHCH; + H-Br: < = CIHECTH = CLC e Bre

sec-Butyl cation
(a 2° carbocation
intermediate)
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sBr:

N |

i f
:Br:’ + CH;CHCH,CH; — CH,CHCH,CH,

Bromide ion sec-Butyl cation 2-Bromobutane
(a nucleophile)  (an electrophile)
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i
e —c 0%
7/ ~
HsC Cl

1-Chloro-2-methyl-propane

HsC H
\ L-H 100 %

Cl —/C S C\
HsC H
2-Chloro-2-methyl-propane




H

H—c
X
H

Methyl cation
(Methyl)
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/H /H
Hy,C—C+ =0
H CH,q

Ethyl cation Isopropyl cation

(1%) (2°)

Increasing carbocation stability

CH,
/
CH,

tert-Butyl cation

(3%)




MARKOVNIKOV'S RULE

- When both ends of the double bond have the same
degree of substitution, a mixture of products results.

Br Br
HBr

CH3;CH,—HC=CH-CHj3 tT» CH3CH2CH2CHCH3 +CH3CH2CHCH2CH3

- When the double bonds have differ by degree of




ADDITIONAL EXAMPLES

CH
CHs; HBr 3
ether Br
H H
H

HCI
Cl



PRACTICE PROBLEMS

1. HBr
(CH;),C=—=CH, >

2. The reaction of pent-2-ene with HCl results in the
ion of and




Cyclopentene
trans-1,2-Dibromo- cis-1,2-Dibromo-

cyclopentane cyclopentane
(Sole product) (Not formed)
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MECHANISM OF BROMINATION OF ALKENES

- Electrophilic addition of bromine to give a cation is followed
by cyclization to give a bromonium ion.

= This bromonium ion is a reactive electrophile and bromide ion
IS a good nucleophile.

= Only the trans product is formed.




*Br—urs: +
C .
\\
An alkene ’ < O u

/



ADDITION OF H,O TO ALKENES

n alkene is the addition of H-OH to to give an

L

()

H3PO,4 catalyst HaC-—c L c-H

5 > CH3CH,OH HeC=C=C=h

250 C 3 2 2-Methylpropene
Ethanol o|

Ethylene 2

\
7
H
2 H3C-. % C/
H3C’ Q;'H

Carbocation

Protonated alcohol

o|
HO H
\ /i
_C—C.__ + H30*
H3C 4 NH
HaC H

2-Methyl-2-propanol

o NN\ ——



H2, PtOz
é

CH3CO-H
CH3 solvent

1.2-Dimethyl- cis-1,2-Dimethyl-
cyclohexane (82%)




KMnO,, H30+
_ﬁ

KMI"IO4, H30+
—)

CHy HaC O

KMnO, | ||l

CHyCHCHyCHyCH,CHCH=CH, =55 CHiCHCH,CHyCHyCHCOH  + €O

3,7-Dimethyl-1-octene 2,6-Dimethylheptanoic acid (45%)
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OXIDATION OF ALKENES

= Oxidation of alkenes is also as hydroxylation reaction.

= The reaction of an alkene with KMnQO, in basic solution results
with formation of 1,2-dialcohols or diols with a syn
stereochemistry.

H
i




PRACTICE PROBLEMS

1. H,O
CH, >
Acid

2. What is the product obtained when 3,3-dimethylcyclopentene
undergoes catalytic hydrogenation?

KMHO4




:0
L—Or to this oxygen?

Benzene (two resonance forms) Nitromethane
© Thomson - Brooks Cole © Thomson - Brooks Cole




e red curved arrow indicates that a lone
pair of electrons moves from the top oxygen The new resonance structure
atom to become part of an N=0 double bond. has a double bond here . . .

H :0:
| 7
= H—(C—N=

| X

H :Q:'

Simultaneously, two electrons from the (7 and has a lone pair
N =0 double bond move onto the bottom of electrons here.

oxygen atom to become a lone pair.
© Thomson - Brooks Cole




ALKYNES

Alkynes contain a triple bond.

General formula is C,H,, .

Two elements of unsaturation for each triple bond.

Acetylene, the simplest alkyne is produced industrially from methane
steam at high temperature.

n introduction to organic synthesis, the
organic molecules






NOMENCLATURE OF ALKYNES

= General hydrocarbon rules apply with “-yne” as a suffix indicating an
alkyne.

= Numbering of chain with triple bond is set so that the smallest number
possible include the triple bond.

CH,
45 6l 7
CCH, GCH3
CH3

ne

4 3 2 1 1 2 3
CH; CHC=CH CH; CH,C




CH,(CH,):CH,

Decane (96%)

H

-
/

)3

Hy
Lindlar

catalyst CH3(CH2

(CH,);CH,

cis-5-Decene (96%)




1-Hexyne

CH3CH,C=CCH,CHj,
3-Hexyne

HC1, NH,Cl \

T
CH,CH,CH,CH,C — CH

2-Bromo-1-hexene

cl /CH20H3
CH,CO,H /C= C\
CH,CH, H

(Z)-3-Chloro-3-hexene
(95%)

HBr

||
CH3CH20H20H2(|'3—C— [

Br H

2,2-Dibromohexane




—— (CH,CH,CBr,CHBr,

1-Butyne 1,1,2,2-Tetrabromobutane

(E)-1,2-Dibromo-1-butene

2004 Thomson/Brooks Cole



OH 0

| ||
_H0.HS0, CH3CH2CH2CH2C:|CH — CH;CH,CH,CH,C—CH,

CHyCHyCHCH,C=CH — <= HgS0,

H 2-Hexanone
(78%)




FORMATION OF ACETYLIDE ANIONS

= The difference between alkenes and alkynes is that terminal
alkynes (R-C=C-H) are weakly acidic, with pK_=25.

= When a terminal alkyne is treated with a strong base such as
sodium amide, NaNH,, the terminal hydrogen is removed and an
acetylide anion is formed.

R—C=C—H + NaNH,

R—C=C:"Na* +:NH,




QUESTIONS
1. Predict the products for the following reactions on
hex-1-yne.
a. With 2 equivalent HBr
b. H,, Lindlar’s catalyst.
c. 1 mol Br, in CH,CIL..

ions of styrene.

A ==




